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INTRODUCTION

1.1 PURPOSE OF REPORT

This report presents the results of Task 3 (Site Investigation) and Task 4 (Site
Investigation Analysis) of the Remedial Investigation (RI) for the H.O.D. Landfill
site. The purpose of this Technical Memorandum is to document the investigation
and.analyses performed in accordance with the August 1992 Work Plan
(PSER/TS) and to determine whether suificient data has been collected to proceed
with the draft RI. The portion of the RI field program documented in this report
was conducted from April to July, 1993.

The work was conducted in accordance with an Administrative Order on Consent
(AQC) executed on August 20, 1990 by the U.S. Environmental Protection
Agency (U.S. EPA) and Waste Management of Illinois, Inc. (WMII). The
purpose of the Remedial Investigation (RI) is to determine the nature and extent -
of contamination, assess risks to human health and the eavironment, and provide
information for the Feasibility Study.

1.2 BACKGROUND

1.2.1 Site Description

The site consists of a total of 80 acres, 51 acres of which have been landfilled.
Although the landfilled area is visually continuous, it consists of two separate
tandfill areas, identified as the old and the new landfills. The old landfill consists
of 24.2 acres situated on the western third of the property. The new landfill
consists of 26.8 acres situated immediately east of the old landfill (see
Drawing 10010201-F1). The two landfill areas have been legally delineated and a
division line established under a special condition of permits (No. 1975-22-DE
and No. 75-329) issued by the IEPA, Division of Land Pollution Conirol.

Technical Memorandum No, 1 Cctober 1993 H.0.D. Landfill- Antioch. Illinois
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1.2.2 Location

The site is located within the eastern boundary of the Village of Antioch in
Lake County in northeastern Illinois (Township 46 North, Range 10 East.
Sections 8 and 9). The site is bordered on the south and west by Sequoit Creek.
The Silver Lake residential subdivision is located east of the site and agricultural
land, scattered residential areas, and undeveloped land is located to the north. A
farge wetland area extends south of the site from Sequoit Creek. Silver Lake is
approximately 200 feet southeast of the site. A large industrial park area
(Sequoit Acres Industrial Park), constructed on former landtill and fill areas. is
located west of the site and borders Sequoit Creek. The site location is shown on
Figure L.

In July 1984, Ecology & Environment, Inc. (E&E), a contractor to the U.S. EPA.
conducted a site inspection of the H.O.D. Landfill Site. The results of that site
inspection, and other available information, were used by E&E to rank the site in
April 1985 under the Hazard Ranking System (HRS). The site was scored at
52.02, primarily attributable to an "observed" release of zinc to groundwater and.
to a much lesser extent, potential for surface water exposure routes. Based upon
the HRS ranking, the site was proposed by the U.S. EPA for inclusion on the
National Priorities List (NPL) in Update 4, on September 18, 1985. From
November 1986 to September 1989 the U.S. EPA, through its contractors.
conducted additiona! investigations at the site in response to public comments.
including those provided by WMIL. WMII contended the zinc detected in
groundwater at well G103 was related to the deteriorated galvanized casing of the
well. In January 1990 a second ranking of the site was performed. The HRS
score (34.68) was based in part on the occurrence of contaminants in the surficial
sand. A release of contaminants to the deep sand and gravel was not observed.
Because the landfill was considered an adequately covered landfill, the surface
water score was assigned a value of zero. The air route was scored zero in both
evaluations. On February 21, 1990 (55 Fed. Reg. 6154), the H.O.D. Landfill was
listed on the NPL. '

A number of Potentially Responsible Parties (PRPs) were identitied by U.S. EPA.
However, only WMII responded to U.S. EPA and agreed to participate in the
RI/FS. Inearly 1990, WMII entered into discussions with the U.S. EPA regarding
the condyct of an RI/FS under an AQC that was, following public review and
comment, executed on August 20, 1990. In May 1990, Warzyn Inc. (Warzyn)
was contracted by WMII to support WMII’s RI/FS effort by preparing the Work
Plan or Preliminary Site Evaluation Report/Technical Scope (PSER/TS) and to
subsequently perform the R

Technical Memorandum No. | COctober 1993 H.0.D. Landfill-Antioch. Nllinuis
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1.3 SCOPE

The goal of the RI is to determine the nature of any contaminants present at the
site, to determine the extent to which any hazardous constituents have been
released into the environment at the site, and to characterize the risk from
exposure to any affected media. The data needs for the RI can be grouped inte
three categories which address each ot the following:

* Source Characterization - Characterize the physical and chemical nature of
any waste materials and any media in which these wastes are contained.

* Physical and Migration Pathway Characterization - Physically characterize
the various media, identify any active contaminant migration mechanisms.
and determine the direction and rate of any contaminant movement in any
affected media. .

» Contaminant Characterization - Determine the location, magnitude, and
extent of any contaminants migrating along any pathways of concem.

The scope of this Technical Memorandum is to report the investigative results of
the tield activities conducted at the site. This report also provides data analysis
required to determine if additional activities should be pertormed for the RI.

1.4 REPORT ORGANIZATION

Section 2 describes the methods used in the field work. Section 3 describes the
results of this field work and discusses the laboratory analysis results obtained
from the sampling performed during the field activities. Section 4 presents a
discussion of contaminant nature and extent. Section 5 describes contaminant fate
and transport processes. Section 6 discusses the adequacy of existing data with
regards to preparing the RI Report and conducting the Feastbility Study.
Section 7 lists the references cited in this Technical Memorandum. Table 1-1
presents a list of acronyms and abbreviations.

This report is presented in three volumes. Volume I consists of the report text,
tables, figures, and drawings. Volumes II and III consist of the data appendices.
which further document the RI activities.

AISmiVRHW
(chi 608 90]
om0
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2
REMEDIAL INVESTIGATION ACTIVITIES

The Remedial Investigation (RI) characterizes and delineates suspected
contamination at a site. and attempis to quantify the risks to public health and the
environment. A description of the activities and rationale for the data collection
activities conducted at the H.O.D. Landfill is presented in this section.

2.1 SITE MAPPING AND SURVEYING

An updated topographic base map of the property was prepared by
photogrammetric methods to identify physiographic and cultural features. The
topographic base map was prepared by Warzyn from an aerial photograph taken
on July 21, 1993 by Aero-Metric Engineering, Inc. (Drawing 10010201-F1). The

base map was then used for identifying monitoring locations and investigative
activities. ‘

In March of 1993, a survey was conducted by Genlile and Associates, Inc. to field
stake the proposed-well, monitoring well. leachate well, gas probe, and test pit
locations prior to the RI investigation activities. Another survey was completed
by Gentile and Associates, Inc. to determine the location and elevation of the
existing wells, staff gages. and stand pipes, as well as the new monitoring wells.
gas probes. soil borings. and leachate wells installed by Warzyn during the RI
investigalion activities.

Localions of the investigation points were surveyed on June 28 through
July 1, 1993 and are based on the Illinois State Plane Coordinate system. A sile
grid was also developed for use on the larger sized drawings to assist in
referencing site features. The grid shown on Drawing 10010201-F! shows the
state plane coordinate system used during the RI. Elevations were measured
relative to mean sea level datum with an accuracy of +0.1 ft for ground surface.
+0.0H 1t for top of casing and well pipe. and +0.001 {1 for horizontal locations.

Technical Memoranduin No. 1 October 1993 HLO.D. Landfill - Antoch. Mlisois
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The location and elevation survey was used in conjunction with other data
develop a site water table map. determine hydraulic gradients. and construct
geologic Cross-sections.

2.2 SOURCE CHARACTERIZATION
The following activities were performed for the source characterization:

* Landfill Cap Evaluation

* Leachate Collection System Evaluation

* On-Site Surficial Soil/Sediment Sampling

+ Leachate Well/Gas Well Installation

» Perimeter Landfill Gas Probe Installation

* Downhole Geophysical Logging

* Leachate Sampling

» Landfill Gas Sampling

» Landfill Soil Borings

+ Evaluation of Off-Site Contaminant Sources

2.2.1 Landfill Cap Evaluation

The landfill cap evaluation consists of three main elements: a test pit
investigation including geotechnical testing of the in-place cover soils, in-ficld
conductivity testing of the landfill cap, and an estimate of the historical and long-
term moisture percolation rate through the cap. Activities conducted to date
include the test pit investigation and conductivity testing of the in-place cover
soils. Modeling of landfill cap moisture percolation will be performed using the
Hydrologic Evaluation of Landfill Performance (HELP) model and results will be
included in the RI report. This investigation was performed to evaluate the
effectiveness of the existing cap to minimize the infiltration of precipitation.

2.2.1.1 Test Pits

Ten test pit locations were sclected based on locations shown in the Work Plan
(Drawing 10010201-F2). Locations were sclected to include site arcas that
appeared to be representative of the range of cover soil materials; such as typical.
stressed, no vegetation areas. and poorly to well drained arcas. Test pits were
cxcavated vertically in the selected areas in May 1993 using a track-mounted
excavator. Each test pit was excavated into the cover soils to the depth at which
refuse was encountered. Soil profiles and field observations were documented by

Techmcal Menoramdum No. | Outaber (WU} H.OD. Laadfil - Annoci Tiines
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a Warzyn soil scientist. Field observations of each test pit included:

* Vegetation characteristics

» Root penetration depths

* Visual soil classification

» Extent of inhomogeneities

* Photographic documentation

In-place density tests, proposed in the work plan to be performed in the field
during test pit excavation, were not conducted because alternate technigues could
provide the needed data. Unit/weight density tests were performed in the
laboratory using Shelby tube soil samples collected from the test pits.

After each test pit was excavated to a depth of at least 60 inches, a detailed cap
profile description was made from one of the test pit walls. For safety reasons, in
those pits which extended below 60 inches, the remainder of the cap profile below

60 inches was described from outside the test pit, using soil brought up in the
excavator bucket.

Individual test pit samples were submitted to Warzyn'’s soil laboratory for tests
which included: '

* Grain Size (ASTM D422-63)

* Atterberg limits (ASTM D4318-84)

» Natural moisture content (ASTM D495%-89)

+ (Clay mineralogy by x-ray diffraction

* Modified Proctor (ASTM D1557-91)

* Laboratory falling head permeability (U.S. Army Corp. of Engineers.
Engineering Manual EM1110-2-1906)

Soil samples 10 be analyzed.for grain size, Atterberg limits, moisture content and
clay mineralogy, were collected from each layer in the test pit, and placed in
appropriate sample jars. Samples sent for analysis were sclected, bascd on field
observations, from the most representative zone of the moist, homogeneous clay

material layer (the apparent low permcability layer), and various other layers, in
each test pit.

Samples for the Modified Proctor tests were obtained with a bucket auger through
the bottom casing of the Boutwell unit atler completion of the permeability tests
{described below), and placed instde double lined garbage bags.

Shelby tube samples tor the laboratory falling head permeability and natural

densily tests were collected from the apparent low permeability layer from each

Technical Memorandum No. | Clctober 19913 H.0O.D. Landfill - Anuoch. Illinors
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test pit, utilizing three-inch diameter Shelby tubes pushed vertically into the soil
using the excavator bucket. and retrieved vertically with as little sample
disturbance as possible. Two Shelby tube samples were randomly selected from
both the old and the new landfill.

After completion of each test pit sampling, the test pit was backfilled with the
original material , which was placed in the test pit in reverse order of removal and
compacted in approximate 1-ft lifts using the excavator bucket.

Test pit logs describing the materials, thicknesses, structure, root growth,
vegetative cover, and sample type and depths are included in Appendix A. The
soil descriptions are based on the Soil Conservation Service Classification Criteria
[U.S. Department of Agriculture (USDA) Handbook No. 436] and soils were

visually classified using the Unified Soil Classification System (USCS) and the
USDA methods.

2.2.1.2 In-Field Landfill Cap Conductivity Tests - The Boutwell method
(ASTM draft method "Standard Test Method for Field Measurement of Hydraulic
Conductivity of Porous Materials Using the Two-Stage Borehole Procedure™) was
followed, less stage 2, for the conductivity tests run on the landfill cap. Ten tests
were conducted in June 1993. The conductivity tests were performed within a 20
to 25-ft radius of each test pit, allowing for the use of test pit information in
placing and running the conductivity tests.

The Boutwell method measures the rate of flow of water into soil through the
bottom of a sealed, cased borehole, utilizing a standpipe in the falling-head
procedure. In stage 1, which measures maximum vertical conductivity. the
bottom of the borehole is flush with the bottom of the casing. Stage 2, in which
the borehole is advanced below the bottom of the casing, and which measures
maximum horizontal conductivity, was not used during this investigation.
According to the ASTM description of the Boutwell method, stage 2 can be
omitted if the purpose of the investigation is to "...verify that the vertical hydraulic
conductivity...is less than some specified value, and the apparent vertical
conductivity...is less than that value...". The purpose of these tests was to obtain
information on the apparent maximum vertical conductivity of the landfill cap.
Therefore, stage 2 was not necessary.

The Boutwell apparatus was installed by hand digging a hole down to the low
permeability layer based on the corresponding test pit information. When the fow
permeability layer was reached, the hole was advanced approximately 4 to 8 in.

into the layer. The Boutwell apparatus was placed into the hole and the annular
space sealed with bentonite chips.
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As described in the test method. the casing was filled with water and the system
was checked for leaks. The tests began when the stand pipe was full. A stop
watch was used for timing, and calibrated standpipe readings were taken at
various intervals and recorded. When the drop rate of water in the standpipe
became steady over ume, the est was completed.

Several of the Boutwell tests were run over a period of two days. Each Boutwell
apparatus was pre-wetted for 6 to 12 hours before the test began to help induce the
saturated conditions necessary to produce the quasi-steady final results. Boutwell
hydraulic conductivity calculations allow for correction for the expansion and
contraction effect due to water temperature changes inside the units during the
length of the test run, based on a sealed dummy unit. However, the
expansion/contraction correction was not applied because of the variability
between the dummy unit and each Boutwell unit. Because of shading caused by
cloud cover during the course of the apparatus readings, the depth each unit was
installed in the cover, the location of each unit relative to shading from the west
tree line, and the location of the scale and support struts on the standpipe,
condensation on the inside of the standpipes varied considerably between
Boutwell units, although it changed slowly throughout the test runs of each
individual unit. Sensitivity analysis was used to check the outcome of varying
volume changes due to temperature fluctuation, and it was determined that it had a
negligible affect on the final calculated hydraulic conductivity rate. However,
because of this minor departure from the test method, these test resuits should not
be considered absolute values, but rather relative representanons of the
permeabilities at each test pit location. |

2.2.2 Leachate Collection System Effectiveness

The leachate collection system effectiveness was to be evaluated by pumping
from the leachate collection system and monitoring the change in leachate head in
nearby leachate wells. However, the evaluation was not performed as part of the
RI because of the results of a similar test run prior to the RI by WMII. During
this test. WMII found that leachate could be pumped from the system only until
the liquid in storage in the manhole, leachate pipe, and backfill was drained.
Then, a recovery period was necessary before more liquid could be pumped.

2.2.3 On-Site Surficial Soil/Sediment Sampling

Five surface soil/sediment samples (SUO1 through SUOS) were collected on
May 14. 1993 from areas which were identified during an inspection of the
landfill cap and surrounding area (Figure 1{}). Surface soil/sediment samples were
collected from surface water run-off routes and on-sit¢ depositional areas which
were observed to have discolored soil and/or water and/or vegetation. Surface soil
sample SUO! was collected from an apparent leachate seep located within a deep
surface water runot! erosional cut into the landfill cap which emptied into the
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scasonally flooded area south of the new landfill areca. Sample SU02 was
collected in an area on the landfill cap surtace which was barren of vegetation,
and after periods of rain. was observed to produce gas bubbles through small
vesicles, causing black discoloration of the surrounding surface soils. Sample
SUO03 was collected in the seasonally flooded depositional area south of the new
landfill and east of the old landfill from an area which had discolored standing
surface water and vegetation. Samples SU0O4 and SUQS were collected from

shallow run-off erosional cuts in the landfill cap which had discolored soils and/or
water.

Samples were analyzed for target compound list (TCL) organics, target analyte
list (TAL) inorganics, and total organic carbon (TOC). Several geotechnical
index parameter tests including grain size analysis, Atterberg limits (to determine
the liquid limit and plasticity index}, and natural moisture content were performed
on the samples. The results of the analysis of the surface soil/sediment samples
were used to determine possible routes of contaminant transport.

2.2.4 Leachate Well/Gas Well Installation

During the RI, Environmental and Foundation Drilling, Inc. (E&F) and Warzyn
installed 14 leachate wells/gas wells into the landfill refuse during the period of
April 6 to May 4, 1993. The purpose of these wells was to collect leachate and
landfill gas quality data (Figure 11). Five of the leachate wells were located in the
new landfill area (LP5 through LP9) and the remaining nine were installed in the
old landfill (LP1 through LP4 and LP10 through LP14). The leachate well
borings were drilled using 10 1/4-inch inner diameter (ID) hollow stem augers.
The soil borings were sampled with a 2-inch outer diameter (OD) split spoon at
five foot intervals from approximately ten feet above the estimated base of the
refuse to 2 to 7 feet below the base of the refuse 10 determine the depth and
composition of the material underlying refuse in each soil boring. This
information was also used to determine the in-place refuse volume. Soil boring
logs for the leachate well borings are located in Appendix B.

The leachate wells were constructed using a washed pea gravel filter pack around
6-inch inner diameter (1D) schedule 80 PVC 0.020-inch slotted screen, with
hydrated bentonite filling the annular space above the filter pack around the 6 inch
PVC riser pipe. Locking protective casings were installed.

The leachate wells/gas wells were screened from approximately O to 5 feet above
the base of the landfill o approximately (.5 to 4.6 feet below the base of the
landlill cap. Leachate well construction details are located in Appendix B. This
construction method was used so that the leachate wells/gas wells could be used
to withdraw both leachate and landlill gas. if necessary, during the Remedial
Action (RA) portion of the project.

Technical Memorandum No. | Ogtolwer 1993 H.O.D. Landfill - Antoch. 1o
o Page 3-6 T




While drilling the leachate wells an Organic Vapor Meter (OVM) photoionization
detector (PID): an Industrial Scientific oxygen, hydrogen sulfide. and combustible
gas meter: and a Monitox hydrogen cyanide meter were used to screen drill
cuttings and the immediate atmosphere. Soils with PID readings above 5 parts
per million (ppm), as well as all refuse material. were transported and placed into
an on-site roll-off box. The roll-off box is covered and will remain on-site
pending implementation of the source control remedy. Soils with a PID reading
less than 5 ppm were disposed of at the location where the borings were
performed. .

2.2.5 Perimeter Landfill Gas Probe Installation

Three of five proposed perimeter gas probes (GP3, GP4A. and GP5A) were
installed on April 15, 21, and 22, 1993, respectively, by E&F and Warzyn
(Figure 11, Drawing 10010201-F2). Adjacent property owners would not allow
WMII/Warzyn to install off-site gas probes GP1 and GP2 to the north-northwest
of the landfill.

The perimeter gas probes were installed to determine if landfill gas is migrating
into or through natural clay soils surrounding the landfill. While drilling gas
probes GP4 and GPS, refuse was encountered in the clay fill material. These soil
borings were subsequently abandoned and gas probes GP4A and GP5A were
drilled and installed in their present locations approximately 30 to 60 feet away
from soil borings GP4 and GPS, respectively. The top of the gas probe screens
were placed at approximately 5 feet below ground surface. The bottom of the
screens varied from 16 to 26 feet below ground surface. Gas probe soil boring
logs and construction diagrams are located in Appendix C.

The gas probe soil borings were drilled using 4 1/4-inch ID hollowstem augers
and were continuously sampled using a 5-foot long CME sampling tube 10 the
terminus of the borings. The gas probes were constructed using a washed pea
gravel filter pack around a 2-inch ID schedule 40 PVC 0.020-inch slotted screen,
with hydrated bentonite filling the annular space above the filter pack and around
the PVC niser pipe (Appendix C). Locking protective casings were installed.

2.2.6 Downhole Geophysical Logging

Each of the ncwly-installed leachate wells/gas wells was logged using natural
gamma. neutron, gamma-gamma and {luid temperature downhole logging tools by
Wooddell Logging Inc. on June 14. 19 and 20. 1993 (Figure 11). The natural
gamma logging was used 10 assess the landfill structore: primarily to determine if
intermediate clay cover lavers exist within the retuse. The geophysical logs are
located in Appendix D.
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2.2.7 Leachate Sampling

Five leachate samples were collected by Warzyn from the newly-installed
leachate wells/gas wells (LPL. LP§, LP8 and LP11) and the lcachate collection
manhole East (MHE) on May 2 and 13, 1993 (Figure 11,
Drawing 10010201-F2). Sampling was completed using a stainless steel bailer.
Sampling equipment was decontaminated in accordance with the Sampling and
Analysis Plan.

The ieachate wells were sampled for TCL/TAL parameters and the following
indicator parameters as listed in the PSER/TS and Table 1-3 of the QAPP.

 Field temperature * AlKkalinity _

* Field pH * Total hardness

* Field specific conductance * Nitrate nitrogen

* Field Eh * Nitrite nitrogen

» Field dissolved oxygen * Ammonia nitrogen

» Chloride * Total organic carbon
* Sulfate * Total dissolved solids

The field parameters were measured using a Beckman pH meter; a YS!
conductivity, dissolved oxygen, and temperature meter; and an Orion Eh meter.
One duplicate sample and one field blank were collected during the leachate
sampling. These QA/QC samples were analyzed for the TCL/TAL and indicator
parameters as listed in the QAPP. Sampling and analysis was conducted
according to the protocols listed in the QAPP and the Sampling Plan. The
samples were analyzed by Warzyn and ETC laboratories. Analytical results are

located in Appendix P. '

2.2.8 Landfill Gas Sampling

Landfill gas samples were collected from the leachate/gas wells (LP1. LP6. LP7.
LP8 and LP11) on June 4, 1993 to chemically characierize the landiill gas
(Figure 11, Drawing 10010201-F2). The gas samples were collected using a
Summa Passivated Sampling Canister after removing one well volume of gas and
purging the Tygon tubing sampling line with an SKC pump. A urip blank and
filtered duplicate were collected using this same method, as specified in the
QAPP. Sampling and analysis was conducted according to the protocols listed in
the QAPP and Sampling Plan.

The landfill gas samples were analyzed by ENSECO Laboratories for volatile
organic compounds (VOC). Methane, oxygen and carbon dioxide concentrations
were measured at the leachawe/gas wells, as well as in perimeter gas probes GP3.
GP4A and GP5SA using a GEM 500} meter. Analytical results are presented in
Appendix P.
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2.2.9 Landlill Soil Borings

Six landfill soil borings (B1 through BS5 and B2A) were drilled and sampled by
E&F and Warzyn on April 23 through April 27. 1993 (Drawing 10010201-F2}).
These soil borings were drilled along the southern perimeter of the old landtill o
assess subsurtace conditions and evaluate the need for/feasibility of constructing a
barrier slurry wall along the perimeter of the landfill to contain leachate. A
geologic cross-section of the southern portion of the old landfill was completed
using these soil borings to aid in the slurry wall evaluation (Figure B6 and B9).
These borings were also used to estimate refuse volume and (o aid in determining
the extent and thickness of the surficial sand (Drawing 100102()1-F4).

The soil borings were drilled with 4 1/4-inch 1D hollow stem augers and
continuously sampled with a 2-inch OD split spoon according to American
Society of Testing and Materials (ASTM) Standards (ASTM:D 1586-84). Soil
sample lithology was visually classified in the field by a Warzyn geologist
according to the Unified Soil Classification System (USCS). Soil boring logs are
located in Appendix E.

One sample from each distinct lithologic unit was collected from each soil boring
for geotechnical analysis which included grain size analysis, {sieve plus
hydrometer) and Atterberg limits (t0 determine the liquid limit and plastic index
from samples collected from the clay-rich diamict. The diamict is defined as
poorly to nonsorted sediment containing a wide range of particle sizes, regardless
of sediment genesis). Results of the geotechnical analysis are located in
Appendix F.

An OVM PID; an Induystrial Scientific oxygen, hydrogen sulfide, and combustible
gas meter; and a Monitox hydrogen cyvanide meter were used 1o screen drill
cuttings and the immediate atmosphere. Soils with PID readings above 5 parts
per million (ppm), as well as all refuse material, were transported and placed into
a on-site roll-off box container pending implementation of the source control
remedy. Soils with a PID reading less than 5 ppm were disposcd of at the location
where the borings were performed.

2.2.10 Evaluation of Off-Site Sources

The area west of the site across Sequoit Creck is an industrial park (Sequoit Acres
Industrial Park) that contains scveral companies which are RCRA small quantity
hazardous waste generators. a number of registered underground storage tanks.
and an old dump area (see Figures 7 and 8). These facilities are potential sources
ol contamination. A discussion ol the Sequoit Acres Industrial Park is contained
in Appendix G. ' .
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2.3 HYDROGEOLOGIC INVESTIGATION

The RI hydrogeologic investigation was performed to further evaluate subsurface
and groundwater flow conditions. This investigation included eight additional
borings and the subsequent installation of four additional monitoring weils and
four additional wells (Drawing 10010201-F2). These new investigation points
were used. along with the existing wells. 1o further define physical hydrogeologic
characteristics (i.e., groundwater flow direction, hydraulic conductivity) and
groundwater chemistry. '

2.3.1 Evaluation of Existing Wells

The existing groundwater monitoring wells were inspected to confirm their
integrity for the RI. This activity was performed by Warzyn Inc. during other RI
field activities in order to determine the physical condition of the existing wells.
This inspection included an evaluation of the condition of the surface seals and
protective casings, and surface drainage from the well. Water levels and total
depth measurements were also collected. Some of the wells had permanent Well
Wizard sampling pumps installed in them. As such, the pumps were not removed
during this inspection to avoid potentially contaminating the pumps and tubing.
These wells were assumed to be in adequate condition for the purposes of the R1

The results of the well evaluation indicated that the existing wells were in
adequate condition to meet the data collection requirements of the RI.

2.3.2 Monitoring Well Installation

Four new water table monitoring wells (W4S, W5S, W6S, and W3SA) and four
new deep wells (W2D, W3SB, W3D, and W7D) were installed by E & F and
Warzyn (Drawing 10010201-F2). These wells were installed in the locations
specified in the PSER/TS. However, an adjacent property owner would not allow
WMII/Warzyn to install off-site well W18 which was to be located to the
southeast of the landfill.

The well borings, with the exception of W3SB and W3D, were drilied with 4
1/4-inch ID hollow stem augers and were continuously sampled with the Central
Mine Equipment (CME) 5-foot long sampling tube and/or a 2-inch OD split
spoon. Soil sample lithology was visually classified in the ficld by a Warzyn
geologist according to the Unified Soil Classification System (USCS}. Soil
boring logs are located in Appendix H. Lithologic information from these
borings, as well as the existing soil borings and wells, was also used Lo determine
the extent and thickness of the surficial sand and the clay-rich diamict (Drawings
10010201-F4 and F5). Geologic cross-sections along the western and southern
boundaries of the landfill were constructed to aid in determining the hydrogeology
of the area (Figure 13, 14, and 15).
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The wells were constructed using a No. 3() sand pack around a 2-inch 1D schedule
40 PVC 0.010-inch slotted screen. with a bentonite slurry mixture and/or hydrated
bentonite filling the annular space above the filter pack around the PVC riser pipe.
Locking protective casings were installed. The well construction diagrams are
located in Appendix H.

Wells W2D and W7D were instalied in the deep sand and gravel aquifer on
April 17 and 13, 1993 respectively. Wells W2D and W7D were installed to
measure potentiometric head. as well as to collect groundwater samples to
monitor groundwater quality between the landfill and the private water supply
wells located to the east of the Site (Figure 3, Appendix M). Both wells were
constructed with a five foot screen located approximately 5 feet below the base of
the clay-rich diamict. Soil samples were collected from each of the lithologically
distinct surface deposits, clay-rich diamict, and the deep sand and gravel aquifer
zones of each boring. These samples were analyzed for grain size (sieve plus
hydrometer). and samples collected from the diamict were also tested for
Auerberg limits. A shelby tube was also collected from the clay-rich diamict at
each of these borings. The Shelby tube sample collected from soil boring W2D
was analyzed for rigid wall hydraulic conductivity, total organic carbon, and
porosity.

Wells W3SA, W3SB, and W3D were installed on April 6, 7, and May 25, 1993,
respectively, in the wetland area south of the old landfill, in an area where
previous borings suggested the clay-rich diamict was thinnest. Wells W3SA and
W3SB were screened in the surficial sand, while well W3D was installed through
the clay-rich diamict and screened in the deep sand and gravel aquifer. This nest
of wells was installed to assess the hydrogeologic continuity of the clay-rich
diamict in this area and to evaluate the groundwater quality in the surficial sand
and the deep sand and gravel aquifer.

Since the wetland is a semi-permanently flooded area. the water table is near or
above the wetland surface. Thercfore, the top of the well screen for well W3SA
was placed below the water table surface. The intermediate well W3SB was
screened at the base of the surficial sand. The deep well W3D was screened in the
deep sand and gravel aquiler.

Well W3SB was also drilled with hollow stem augers, but was continuously split
spoon sampled starting trom the completion depth of W3SA. Well W3D was
installed using rotary wash drilling methods. The upper approximaltely 35 fect
was drilled using 8-inch diameter tri-cone bit in order 1o install and cement grout
a permanent 6-inch 1D schedule 40} PVC casing in place approximately S feet into
the clay-rich diamict (located approximaltely 30 feet below the ground surlace).
The casing was installed 10 minimize the potential for cross contamination of the
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deep sand and gravel aquifer and surficial sand during drilling operations. The
rest of the boring was drilled using a 6-inch diameter tri-cone bit and was
continuously split spoon sampled (with the exception of the 56 to 60 foot
sampling interval) starting from the completion depth of W3SB,

One soil sample from the surficial sand was collected trom well boring W3SB for
grain size analysis, and one clay-rich diamict sample was collected {rom boring
W3D for grain size analysis and Atterberg limits. A shelby tube sample of the
clay-rich diamict was also collected from boring W3D and analyzed for rigid wall
hydraulic conductivity, total orgaric carbon, and porosity o evaluate the potential
for fluid movement and attenuation of potential contaminants. Geotechnical
analytical results are located in Appendix F.

Monitoring well W4S was installed on the west side of Sequoit Creek on the
Quaker Industries property on May 26, 1993 (Drawing 10010201-F2) to confirm
the lateral extent of the surficial sand and 1o evaluate the groundwater flow
direction on the west side of Sequoit Creek. Well W4S was screened in the
surficial sand and the screened interval intersected the water table.

Water table monitoring wells W5S and W6S were installed on
April 21 and 16, 1993, respectively, adjacent to existing shallow U.S. EPA wells
US4S and USS5S, respectively, since wells US4S and US5S were screencd below
the water table. The new wells were screened across the water table to monitor
potential contaminants at the water table surface. Two soil samples were
collected from boring W5S and one from boring W6S for geotechnical analysis.

All of the new wells were properly developed, most of them by removing at least
10 to 12 well volumes of groundwater using a decontaminated stainless steel
bailer and cable. Wells W2D, W3D, W3SB and W7D were developed by
removing at least the estimated volume of water that was lost into the formation
during drilling plus ten well volumes. A Keck pump was used to develop W2D
and W7D. Well development data is located in Appendix L.

2.3.3 Downhole Geophysical Logging

The new wells installed into the deep sand and gravel aquifer (W2D, W3D. and
W7D), as well as. U.S. EPA wells US4D and US6D, also screened in the deep
sand and gravel aquifer. were geophysically logged by Wooddel! Logging Inc. on
June 3 and 4, 1993, These wells. except for W3D, were logged using natural
gamma, neutron, and gamma-gamma (or density) logging methods. Well W3D
was logged using only the gamma logging tool due to time constraints in the ficld.
The geophysical logging was performed to further assess the physical and
hydrogeologic characteristics of the surficial sand. clay-rich diamict, and deep
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sand and gravel as an atd to correlating stratigraphy. The geophysical logs are
located in Appendix D.

2.3.4 In-Situ Hydraulic Conductivity Testing

Single well in-situ hydraulic conductivity tests have been pertormed at the Site
during previous investigations, Rising head hydraulic conductivity tests were
repeated at wells US3S, US3D, US4S. US4D, US6S, US6D. and USIS. These
locations were chosen to re-evaluate hydraulic conductivity of the surficial sand
(wells USI1S, US3S, US4S, and US6S) and deep sand and grave! (US3D, US4D.
and US6D) near the southern boundary of the old landfill (US4S, US4D. US6S,
and US6D) and near Village well No. 4 (US3S and US3D). Hydraulic
conductivity tests were also performed at new wells (W4S, WSS, and W7D). The
hydraulic conductivity tests were conducted by Warzyn during the period ot
June 2, 3, 4 and 9, 1993. The resultant data will be used in conjunction with
existing hydraulic conductivity data to assess groundwater flow rates.

The tests were performed on the deeper wells by using a pressurization apparatus
to depress the water level in the well. As the pressure was released, a pressure
transducer and automatic data logger were used to record the resultant rise in
water level. Water table wells were tested by quickly removing one bailer of
groundwater from the well and recording the rise in the water level over time with
a pressure transducer angd automatic data logger. Hydraulic conductivity tests
were analyzed using a PC-based aquifer analysis program (AQTESOLV). Tests
performed on the water table wells were analyzed using the Bouwer and Rice
method for unconfined aquifers. Tests performed on the deeper wells were
analyzed using the Cooper method (confined conditions) and the Bouwer and
Rice method (unconfined conditions). The Bouwer and Rice method provided a
better curve match and therefore was used to estimate hydraulic conductivity.
The results of the hydraulic conductivity iesting are summarized in Section 3.7.2
and presented in Appendix J.

2.3.5 Groundwater Level Measurements

A full round of water levels were collected by Warzyn on June 8 and 9. 1993.
Western Gulf Coast Laboratories, In¢. subsequently collected a round of
groundwater levels during the period of August 18, 19, 2(). and
September 3. 1993. Water level measurements were obtained using an electronic
water level indicator, decontaminated with a phosphate {ree Liquinox wash and
rinsed with distilled water prior to collecting water level data and between wells.

The water levels were used o determine groundwater tlow characteristics {or the
surficial sand and the decp sand and gravel aquiter
{Drawing 10010201-F6 and F7). This information was also used 1w caleulate
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vertical hvdraulic gradients., which were used Lo assess the hvdraulic
interconnection between the surficial sand and deep sand and gravel aquifer.

2.4 HYDROLOGIC EVALUATION

A hydrologic evaluation was completed to assess the connection between the
groundwater in the surficial sand and the surface water in Sequoit Creek and to
evaluate the potential for surface water contamination. The investigation included
measuring surface water levels in Sequoit Creek, measuring flow in the creek. and
observing the creek banks.

2.4.1 Surface Water Flow Measurements

Sequoit Creek flow measurements were obtained at the four staff gage locations
(PSG! through PSG4) on June 8, 1993 using a Gurley flow meter
(Drawing 10010201.F2). Flow measurements were obtained at one foot spacings
across the open channel of the creek at staff gage locations PSG1 through PSG3
and at two foot spacings at staff gage location PSG4. Prior to collecting the flow
measurements, the creek banks were observed to determine their physical nature
and vegetation type. This information was used to assess stream Joss and gain and
the hydrologic connection of Sequoit Creek to the surficial sand and associated
wetland.

2.4.2 Surface Water Level Measurements

Surface water level measurements were obtained at existing staff gauges PSGI1,
PSG2, PSG3 and PSG4 and in the associated standpipes SC1A-D, SC2A-D,
SC3B-D and SC4A-D prior to collecting flow measurement data. However, water
level measurements collected from standpipe SC3D and SC4A were not used in
the evaluation because broken casings made the measurements unreliable. The
water levels were read directly {rom the staff gages and with a clectric water level
indicator in the standpipes on June 8 and 9. 1993,

2.5 SOIL/SEDIMENT EVALUATION

A soil/sediment evaluation was conducted to assess the potential for contaminated
surface soils and/or sediments. The investigation consisted of an observation of
the Site, (including Sequoit Creek), and a hydrologic evaluation of the creek.
Reter to Section 2.2.3 of Source Characterization, On-Site Surficial Soil and
Sediment Sampling, for details on sampling locations.

A Site observalion was performed to assess the potential lor soil contamination,

Soil sampling locations were identified based on the presence of leachate seeps.
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discolored soils and other visual observations. Sediment sampling of Sequoit
Creek was determined not to be necessary. during the inspection. as visual
observations did not indicate any areas which warranted sampling. Proposed
sampling locations were presented to U.S. EPA, tor approval. prior to sampling.

2.6 AIR EVALUATION

Existing meteorological data has been ordered to detérmine regional wind
direction, windspeed, temperature, and precipitation and will be included in the RI
report. The potential for air contamination has been assessed (see Section 4)
based on the landfill gas sampling conducted under Source Characterization,
Section 2.2.8.

2.7 HUMAN POPULATION EVALUATION

Information has been collected to identify, enumerate, and characterize human
populations which could be exposed if contaminants were released from the Site.
For a potentially exposed population, information will be collected on population
size and location. As part of the Baseline Risk Assessment (to be submitted to
U.S. EPA concurrently with the RI Report) these populations will be linked with
the potential contaminants of concern (i.e., those that are mutagenic, teratogenic,
etc.) to identify potential risk. Copies of water supply logs within an approximate
two mile proximity to the Site are presented in Appendix M.

2.8 ECOLOGICAL EVALUATION

An ecological assessment was conducted on July 21, 1993 as described in the
U.S. EPA "Region V Scope of Work for Ecological Assessments” (included in
Appendix I} which describes the following eight tasks:

Task 1 - Characterize Site based on existing data and limited [ield work
Task 2 - Prepare preliminary ecological assessment

Task 3 - Prepared detailed Work Plan for further Site investigation
Task 4 - Conduct Site investigation

Task 5 - Revise Work Plan, conduct additional investigation

Task 6 - Prepare summary of biological and chemical data

Task 7 - Prepare draft Ecological Assessment Report

Task 8 - Submit final Ecological Assessment Report
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Tasks 1. 2. and 7 have been completed and are presented in a separate Ecological
Assessment Preliminary Screening Report.

2.9 POTENTIAL MIGRATION PATHWAY/
CONTAMINANT CHARACTERIZATION

The objective of the potential migration pathway/contaminant characterization is

to evaluate the magnitude and extent of contamination. Each potential migration
pathway was evaluated including:

* Groundwater, including private residence wells and Village of Antioch
water supply wells

* Surface water
* Sediments/soils
+ Air (landfill gas)

2.9.1 Groundwater _

The following groundwater monitoring wells were sampled during the period of
May 10, 11, 12, and 14, 1993 and were analyzed for U.S. EPA TCL/TAL
parameters list and water quality indicator parameters list specified in the QAPP.

= USiSand 1D e US3S.3I,and 3D
¢ US4S and 4D ¢ W6S
+ US6S, 6l and 6D * W7D
* Gl1Sand 11D + W3S

Monitoring wells W4S, W3SB, and W3D were sampled on June 1. 1993,

These samples were analyzed to determine the nature and extent of potential
contamination of the surficial sand and the decp sand and gravel aquifer.

As part of the sampling procedures. a minimum of three well volumes were
removed before samples were collected from each well. The samples were
collected. preserved and handled in accordance with the QAPP. Proper chain’of
custody procedures: quality control sampling; and sample labeling were also
performed according to the QAPP. Temperature, pH. specilic conductance.
Redox. and dissolved oxygen were measured in the ficld (Appendix K).
Analytical results arc discussed in Section 4. Nature and Extent of Contamination.
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2.9.2 Private and Village of Antioch Water Supply Wells

Arrangements were made by WMII and Warzyn to have selected Village of
Antioch water supply wells and private residence wells sampled. Four of the five
private residence well owners allowed samples 10 be collected from their wells
(Figure 3):

+ PWI Anton and Margitta E. Kahier
22731 West Silver Lake Avenue

« PW2 Kenneth Kull
42116 North Lakeview Drive

+ PW3 Robert Lecki
42164 North Lakeview Drive
+ PW4 Mrs. Darnell

42206 North Lakeview Drive
{no sampie collected)

+ PWS Gary and Elien Hanenberger
42236 North Lakeview Drive

Private wells PW2, PW3, and PW5 were sampled on June 29. 1993, Private well
PW1 was sampled on July 1, 1993, Private well PW4 was not sampled because
the property owner would not allow access. Village of Antioch water supply
wells VW3 and VW5 were also sampled on June 29, 1993 (Figure 2). Samples
were analyzed for the TCL/TAL parameters list. The samples were collected.
preserved and handled according to the QAPP. Village Well No. 4 was not
sampled by Warzyn during the RI due to several reasons. The PSER/TS stated
that Village No. 4 would not be sampled since it was to be decomissioned. In
addition. a significant volume of o¢il (more than 100 gallons) was present in the
well when it was video logged. The oil present in the well may have biased the
results of any sampling activity. However. analytical data collected by the Village
was compiled and is discussed in Section 4.

Three of the private residence wells (PW 1. PW2 and PWS5) were sampled from an
outside faucet, while one private well (PW3) was sampled {rom an inside kitchen
faucet. Once the water was determined not to be filtered or softened at the
sampling point. the faucet was opened to purge water until the well pump was
automatically activated. The water was then allowed (o run for at least 15 minutes
at which point the attached hose (PW 1. PW2, and PW5 only) was removed and
the samples were collected. Field measurements of pH. specific conductivity, and
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temperature are presented in Appendix K. The results of the private well
sampling are located in Section 5.

2.9.3 Surface Water Sampling

Surface water samples were collected on May 14, 1993 ai three locations along
Sequoit Creek: upstream at sampling location S101. near the bend in the creek at
sampling location S201, and at the northwest corner of the Site, al sampling

location S301. The collected surface water samples were analyzed for the
TCL/TAL parameters list.

The sampling was completed using a decontaminated stainless steel sampling pail.
Samples were collected, preserved and handled according to the QAPP.

2.9.4 Sediment and Soil Sampling

Sections 2.2.3 and 2.5 describe the surface soil/sediment sampling locations and
methods. These samples were collected and analyzed to characterize the surface
soils/sediments and to determine potential contaminant migration pathways.

fchi 609 91
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SITE PHYSICAL CHARACTERISTICS

3.1 LANDFILL CHARACTERISTICS

The landfill characteristics evaluation consisted of a landfill cap observation and
evaluation; a determination of the landfill structure/refuse characteristics; and, a
analysis of landfill gas composition and potential migration.

3.1.1 Landfill Cap Physical Observations and Cap Evaluation

Total landfill cover thickness ranged from 49 inches to 87 inches. The apparent
low permeability layers (homogeneous and undisturbed with no structure and no
root penetration) ranged from 6 to 14 inches thick on the old portion of the
landfill, and from 25 to 63 inches thick on the new portion of the landfill.
Remnants of the former landfill cap were observed in the lower profile of the old
portion of the landfill, beneath the apparent low permeability layer. Some of the
remnants appeared to have been scraped off the former upper profile (although
roots were still evident) prior to placement of the new cap, while others had
relatively intact, undisturbed, profiles.  Refuse was gencrally encountered below
the low permeability layer on the new landfill. No fissures or deformities were

ubserved in any of the apparent low permeability layers. Appendix A contains the
test pit logs.

The clay content of the cap consists primarily of Illite, with small amounts of
scatlered iron-chlorite and smectite. based on X-ray Diffraction Analysis
performed on samples from the test pits (Appendix N). Illite is a 2:1 layer silicate
that is a non expanding clay; theretore. it has a very low shrink/swell capacity.
Iron-chlorite and smectite are also 2:1 layer silicates; however, iron-chlorite is a
partially expanding clay. and smectite is an expanding clay. so their shrink/swell
capacity is higher than that of illite.

Grain size analysis and Atterberg limits tests (Appendix N) identified the apparent

Jow permeability layer materials as lean clay (CL) with trace to some sand and
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trace gravel. Natural density tests (Appendix N and Table 3-1) resulted in
densities ranging from 105.7 to 128.3 lbs/cu ft. When compared to the maximum
density calculaled trom the Modified Proctor tests (Appendix N and Table 3-1)
this results in a level of compaction ranging between 87 to 92%. Natural moisture
content (Appendix N and Table 3-1) ranged between 13.7% and 33.6%. with all
but test pit TP9 falling below 24%. However, natural moisture content measured
from the Shelby tube sampie collected from test pit TP9 was 14.5%.

Vertical hydraulic tonductivity of the landfill cap was estimated by Boutwell
testing. Calculated conductivities ranged from 1x 107 1o 4x10°® cm/sec. Typical
conductivities were in the 10-8 cm/sec range. Results are contained in Table 3-2.
Tabulations and conductivity plots are contained in Appendix N. Results from the
Boutwell test run near test pit TP9 show a conductivity of approximately
1x10"% cm/sec. Based on corresponding test pit data and the test pit TPS
laboratory falling head permeability test. this conductivity does not appear o be
consistent with the physical characteristics of the cover material in that location.
The test pit data shows soil structure and apparent low permeability layer
thickness similar to most of the other test pits on the landfill. therefore, its
conductivity should also be similar. The laboratory falling head permeability test
confirms this by resulting in a similar conductivity as the other three laboratory
falling head permeabilities.

Results from the Boutwell test run near test pit TP8 show a conductivity of
8x10°° cm/sec. This unit was installed above the apparent low permeability layer,

“instead of in it, because of the depth of the apparent low permeability layer below
the surface. Based on the test pit apparent vertical conductivity profile. if the
Boutwell unit had been installed in the apparent low permeability layer. the
apparent vertical conductivity in this area would reflect the permeability of the
other test areas.

Results from the Boutwell test run near test pit TP1 show a conductivity of
approximately 1x10° cm/sec. While the test pit data does not support this
modcrately high permeability, the cap material where the Boutwell test was
installed. does. Two atlempts were made to tind the apparent low permeability
layer at the same approximate depth as the test pit. and differing profiles were
observed in both attempts. It appears that cap malerial is variable in this
immediate area. No apparent low permeability layer was found above 33 inches
in the first attempt, and a partially compact layer was identified in the second
attempl. although it was a different material than that of the test pit’s apparent low
permeability fayer. The Boutwell unit was installed in the partially compacted
layer. The results from this Boutwell location appear to be accurate. based on the
type of malerial it was installed in. and appear o reflect the fack ol a truly
compacted apparent low permeability layer above 33 inches in the immediate area
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ot the test. (The Boutwell unit could not be installed in the original test pit
location because the test cannot be conducted within a 12 foot radius of any holes
through the cap.)

The Boutwell data was compared to the laboratory falling head permeability tests
from samples obtained from the Shelby tubes (see Table 3-1), to confirm that the
Boutwell tests and calculations are valid. The laboratory hydraulic conductivity
results were consistently one-hall magnitude lower (with the exception of test pit
TP9) than the Boutwell test results. Therefore, it was concluded that the Boutwell
results reflect an accurate average maximum vertical conductivity (with the
exception of Boutwells 8 and 9 as previously discussed above) for the cap
maternials in the test pit areas.

3.1.2 Landfill Structure/Refuse Characteristics

Refuse thickness data was obtained from the newly installed leachate
piezometers/gas wells and the landfill soil borings (Table 3-3). Cap thickness was
determined from the test pits and the previously existing gas well flare logs, as
well as the leachate piezometers and landfill borings. Warzyn boring and test pit
logs are located in Appendices E and A, respectively. Gas flare logs are presented
in Appendix E.

The refuse thickness in the old landfill ranged from 12 feet in leachate
piezometer/gas well LP13 to 36 feet in leachate piezometer/gas well LP4. The
refuse thickness in the new landfill ranged from 35.5 feet in leachate
piezometer/gas well LP6 to 63.5 feet in leachate piezometer gas well LP8. Based
on refuse thickness data, the overall volume of refuse in the landfill was estimated
to be approximately 1.3 million cubic yards. Refuse thickness ranged from
3.3 feet in landfill soil boring B1 to 12 feet in boring BS, located along the
southern boundary of the old landfill. Geologic cross-section C-C* shows the
southern portion of the old landfill structure with respect to the natural geology of
the arca (Figure 15).

The geophysical logging was also used to assess landfill structure. Primarily. the
logs were used o determine il intermediate clay cover layers exist within the
refuse. The presence of these clay layers would affect movement of leachate
within the landfill and ultimately intfluence the effectiveness of any leachate
collection system. The geophysical logs are presented in Appendix D. The
geophysical logs did not suggest that distinct intermediate clay cover layers were
present.

The basal material underlying the retuse in the northern portion of the old landfill
and underlying the entire new landfill. based on@rilling conducted during the RI.
consists pritharily of gray silty clay. However. refuse in the southern arca of the
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old landfill was underiain by pcat and/or sand in lecachate piezometers LP12.
LP13. and LP14 (Figure 11} and in landfill borings B1 through BS (Figure 15 and
Drawing 10010201-F4). Peat material was detected in leachate piezometer LP11,
and probably overlies the associated surficial sand material
(Drawing 10010201-F4). The basal material in leachate piezometer LP3 was a
clayey silt and sand material. A physical description of each sub-refuse material
is located on the borehole logs in Appendix B.

3.1.3 On-Site Landfill Gas Assessment

To perform the on-site landfill gas assessment. data was collected from the
leachate piezometer/gas wells (LP1. LP6, LP7, and LP11) and the three perimeter
gas probes (GP3, GP4A, and GP5A). A discussion of landfill gas quality
{presence of VOCs) is presented in Section 4.6.1.

The field measurements of methane, oxygen and carbon dioxide collected from
the leachate piezometers/gas wells and the perimeter gas probes are located in
Table 3-4. Consistent levels of methane, carbon dioxide and oxygen were
observed in the gas wells located in the new landfill (LP6. LP7 and LP8).
Methane concentrations ranged from 65.4% in gas well LP7 to 67.7% in gas well
LP6; carbon dioxide concentrations ranged from 31.1% in gas well LP8 to 34.4%
in gas well LP7; and, oxygen levels were only 0.1% due to displacement of
oxygen by the methane and carbon dioxide. These are typical of levels for these
compounds as generated in landfills.

Concentrations of these compounds in gas well LP11 located in the oid landfill
(72.3% methane. 26.7% carbon dioxide and 0.1% oxygen) were consistent with
the samples collected in the new landfill. However, the field measurements at gas
well LP1 indicated atmospheric levels of oxygen at 20.5% and carbon dioxide at
0.4%. Methane was not detected in gas well LP1.

Similarly, no landfill gases were detected in the three perimeter landfill gas
probes; only atmospheric concentrations of oxygen ranging from 20.8% to 20.9%
were detected. ‘

Based on the landfill characteristics and the landfill gas data collected. landfill gas
is being produced throughout the new landfill and in some arcas of the old
landfill. Off-site landfill gas migration does not appear to be an issue based on
the results of the perimeter gas probe ficld measurements and the physiography of
the site. Sequoit Creek bounds the old landfill to the south and west and acts as
an otf-site landfill gas migration boundary. Therefore, the potential for off-site
landfill migration along these boundaries is minimal. As such. the perimeter gas
probes (GP3, GP4A. and GP5A) were installed north, cast, and south of the
landfill 1o assess potential oft-sile land(ill gas migration in these directions.
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Based on the results of the perimeter landfill gas probe field mcasurements.
oft-site landfill gas migration appears to be minimal in areas where the landfill
overltes natural occurring clay soils or man-made clay barriers. This is due to the
highly cohesive and impermeable nature of the clay materials underlving the site.

3.2 CLIMATE

The Site is located within a continental climatic belt characterized by frequent
variations in temperature, humidity and wind direction. The average daily
minimum temperature is 15°F in January and the average daily maximum
temperature is 83°F in July. The average annual precipitation is 32.5 inches. The
weltest months are April through September (USDA, 1970).

3.3 PHYSIOGRAPHY

The Site is situated in the vicinity of the Wheaton moraine within the Great Lakes
section of the Central Lowland Province. The topography of the area is generally
characterized by gentle slopes with poorly defined surface drainage patterns,
depressions, and wetlands. The maximum relief in Lake County is 340 feet.

The topography in the vicinity of the Site is generally flat. The most prominent
topographic feature in the area is the landfill. The maximum elevation of the
landfill is approximately 800 feet mean sea level (MSL). The elevation of
Sequoit Creek is approximately 762 feet MSL. Maximum ground surtace relief at
_ the Site is approximately 40 feet.

3.4 SURFACE HYDROLOGY .

Surface drainage around the Site is generally toward the Fox River. located
approximately 5 miles to the west. Locally, surface water flows from the Site
toward Sequoit Creek. Sequoit Creek originally flowed northwest from Silver
Lake 1o a point that is now the approximate center and northern boundary of the
Site, where it then flowed west toward the Village of Antioch. However, Sequoit
Creek was rerouted to flow west from Silver Lake along what is currently the
southern boundary of the Site sometime between 1964 and 1967 (Figure 1). At
the southwestern corner of the landfill. the creek was routed to flow north along
the western boundary of the Site. Approximately 250 feet north of the
northwestern corner of the Site. the creck {lows toward the west approximately 2
miles before discharging into Lake Maric. Lake Maric eventually discharges o
the Fox River. Based on acrial photographs and a 1960 USGS 1opographic map
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of the Site area, the eastern portion of the Site was shown as a wetland prior to
landfill development.

Currently Sequoit Creek flows along the southern edge of the site through a
wetland which is located south of the landfill (Figure 4). The surficial sand unit
located at the site (Drawing 10010201-F4) underlies the northern portion of this
wetland. As such, Sequoit Creek appears to obtain most of its water from shallow
eroundwater discharge from the surficial sand and from surface water discharge
from the wetland rather than from stream discharge from Silver Lake.

Water levels collected from the staff gages located in Sequoit Creek and the stand
pipes located along Sequoit Creek (Drawing 10010201-F6), as well as the
information collected during the stream flow measurements, were used to assess
the groundwater-surface water hydrologic relationship between the Sequoit Creek
and the surficial sand. The water level measurements at staff gages PSGI1
through PSG4 located in Sequoit Creek and their associated stand pipes (SC1A
and B), (SC2A, B, C, and D), (SC3B, C, and D), and (SC4A, B, C and D},
respectively, on June 8, 1993 are summarized in Table 3-5. The Sequoit Creek
flow measurement results are located in Table 3-6.

Based on the results of the water elevations of the staff gages and stand pipes. the
water table levels surrounding the staff gage locations show that groundwater
levels are elevated in the surficial sand with respect to the surface water levels of
Sequoit Creek (Table 3-5). This indicates that the groundwater is flowing from
the surficial sand into Sequoit Creek (Drawing 10010201-F6).

Based on the groundwater levels observed in the stand pipes with respect to the
staff gauges located along Sequoil Creek. groundwater adjacent 10 and below the
creck was observed to have vertically upward and horizontal components of flow
discharging primarily into the creek under low hydraulic gradients.

The stream flow measurements collected at the four staff gage locations were used
to calculate total discharge rates of surface water flowing in Sequoit Creek
(Tabie 3-6). The results of the stream flow measurements indicated that stream
discharge was increasing from no measurable tlow located at staff gage PSGI to
approximately 3 cubic feet per second (ft3/sec) at staff gage PSG2. then to
approximalely 6 ft*/sec at staff gage PSG3. Discharge then decreased slightly to
approximately S ft*/sec at staff gage PSG4.

Based on field observations of the physiography of Sequoit Creek. as well as the
flow information discussed above, shallow groundwalter from the surficial sand
and surface water from the wetland both discharge into Sequoit Creck. The
Sequoil Creck discharge increases along the southern portion of the stream [rom
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statt gage PSGI to PSG3. Once the creek turns north and flows out of the
wetland and the area containing the surficial sand. the Sequoit Creek discharge
appears to diminish.

3.5 SURFACE SOILS

The following surface soil types were present at the site prior Lo site development,
and may still be present in undeveloped areas.

* Houghton muck, wet

*  Morley silt loam

* Zurich silt loam

* Peotone silty clay loam

* Peotone silty clay loam, wet
* Mundelein silt loam

+  Miami silt loam.

The Houghton muck and Peotone silty clay loam are classified by the USDA Soil
Conservation Service (SCS) as hydric soils. The Zurich silt loam and Mundelein
silt loam are non-hydric soils that may contain hydric inclusions. The distribution
of pre-development surface soils is illustrated on Figure 9. A brief description of
each soil type follows.

The Houghton series consists of deep, level to depressional, very poorly drained
organic soil that formed in fibrous plant remains deposited in swampy areas. The
Houghton muck generally receives run off from surrounding uplands and is
subject to ponding. The water table is at or near the surface most of the year.

The Morley series consists of deep, gentl'y sloping to steep, well drained to
moderately well drained soils that formed in thin silty deposits in the underlying

calcareous glacial till. The Morley silt loam is generally found on tops of
morainic ridges.

The Zurich series consists of deep, level to moderaiely steep, well drained to
moderately well drained soils that formed in 2 1o 3 feet ol silty material and the
underlying calcareous stratificd silt and sand. The Zurich loam is found on
outwash plains.

The Peotone series consists of deep. level 1o depressional, very poorly drained
soils that formed in thick silt and clay. water deposited materials. These soils are
in low areas throughout the county. The Peotone silty clay loam. wet. is subject
o ponding Irom water that runs off surrounding uplands. The water table is at or
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near the surface most of the year. The Peotone silty clay loam is also subject to
ponding. but is drained artificially.

The Mundelein series consists of deep. level to gently sloping, somewhat poorly
drained soils that formed in 2 to 3 feet of silty material over calcareous stratified
silt and sand. The Mundelein silt loam occurs on outwash plains mainly in the
valley of the Des Plaines River.

The Miami series consists of deep. gently sloping to strongly sloping. well
drained 1o moderately well drained soils that formed in thin silty deposits and the

underlying calcareous glacial till. The Miami silt loam is generally found in
morainal areas.

3.6 REGIONAL HYDROGEOLOGIC SETTING

3.6.1 Regional Geology

3.6.1.1 Unconsolidated Deposits - The bedrock surface in Lake County is
completely overlain by thick sequences of glacial deposits. These unconsolidated
deposits exhibit evidence of multiple episodes of glacial advances and retreats of
late Wisconsinan glaciation. The surface topography of the area is characterized
by a series of parallel, onlapping moraines and intermorainal valleys. This
morainal complex is composed of deposits of the Wadsworth Till Member of the
Wedron Formation. Deposition of the Wadsworth Till represents the last retreat
of the Joliet Sublobe of the Lake Michigan Lobe (Willman and Frye, 1970). The
moraines decrease in age toward the east and are onlapped by lacustrine deposits
of the Lake Chicago plain. Figure 6 presents a generalized stratigraphic column,
which surr:marized the glacial geology in the Site vicinity.

Approximately 90 to 325 feet of Woodforian age glacial deposits overlie bedrock
in northeastern Illinois. The Wadsworth Till Member of the Wedron Formation is
the primary unconsolidated deposit in Lake County and ranges in thickness from
5 1o 150 feet. The Wadsworth Till Member is underlain sequentially by the
Haeger Till Member and Tiskilwa Till Member. The Tiskilwa Till Member
overlies the Racine Dolomite. A regional geologic cross section is presented on
Drawing 10010201-F3. The glacial deposits are discussed in order of deposition
in the following paragraphs.

A reddish-gray, silty clay till (Tiskilwa Till Members) overlics the Racine
Dolomite in the region. This till unit is gencrally regarded as the lowermost
member of the Wedron Formation that is present in the arca (Willman. 1971).
The unit is interpreted to be basal till probably deposited by lodgement (Johnson.
et. al.. 1985). The Tiskilwa Till Member consists of a lower unit consisting ol a
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sandy silt with clay and a massive main unit which consists of approximately
equal percentages of sand. silt and clay. No Site borings have penetrated this unit.

In the vicinity of Antioch. the Tiskilwa Till Member is overlain by the Haeger Till
Member of the Wedron Formation. The Haeger Till Member was deposited by
the Harvard Sublobe of the the Lake Michigan Lobe, is laterally extensive and
consists of sand and gravel outwash deposits with some clay rich diamicts present.
Outwash and ull deposits of the Haeger Till Member outcrop locally along the

western edge of Lake County and westward into McHenry County (see
Drawing 10010201-F3).

The Wadsworth Till Member overlies the Haeger Till Member. The Wadsworth

ice of the Joliel Sublobe advanced westward across Lake County entraining
* recently deposited lake sediment and Paleozoic shales and limestone, resulting in
a clay-rich debris load. The ice advance terminated near the Chain of Lakes
lowlands. As the ice retreated the clay-rich load was deposited as the Wadsworth
Till. The Wadsworth Till is characterized by gray, fine-grained clay rich diamict,
and interbedded, sorted silts, sands and gravels. Diamict'is defined as poorly to
nonsorted sediment containing a wide range of particle sizes. regardless of
sediment genesis. The diamict is laterally extensive and is present near the
surface in most of Lake County.

3.6.1.2 Bedrock Geology - Lake County is located along the northeastern flank of
a northwest/southeast trending structural high known as the Kankakee Arch. The
bedrock surface of northeastern Illinois varies in depth from 90 to 325 feet below
the ground surface (Woller and Gibb, 1976). The bedrock surface dips gradually
toward the east and exhibits an uneven surface as the result of pre-glacial erosion.

Throughout most of Lake County, the uppermost bedrock unit is the Silurian
dolomite of the Niagaran Series. This dolomite unconformably overlies Upper
Ordovician, Maquoketa Group shales. and ranges in thickness from () to 270 feet.
The Maquoketa Group is-the uppermost bedrock unit in small isolated areas along
the western portion of the county. The Maquoketa Group ranges in thickness
from 100 w0 240 feet and consists primarily of thick non-water-bearing shales.
The Maquoketa Group is undcerlain by a sequence of Cambrian and Ordovician
sandstones and dolomites which. in turn. overlic Precambrian granite rock.
Bedrock stratigraphy is summarized in Figure 3.
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3.6.2 Regional Hydrogeology
There are three major aguiters in northeastern Illinois:

» Unconsolidated deposits of glacial origin (such as the deep sand and
gravel aquifer at Antioch).

* The shallower dolomite aquifer of Silurian age
* The deep Cambrian-Ordovician aquifer

3.6.2.1 Unconsolidated Deposits - Sand and gravel deposits, which occur as
confined, semiconfined and unconfined aquifers associated with the
unconsolidated glacial deposits are fairly extensive throughout Lake County. The
majority of the confined units are located in the western portion of the county.
Many residential wells in the Antioch area, and the Village of Antioch’s public
waiter supply system, obtain groundwaler from glacially derived sand and gravel
deposits. The deep sand and gravel aquifer is confined in the area of the site. The
deep sand and gravel aquifer (Haeger Till Member) used by the Village of
Antioch and nearby private water supply wells, is recharged in the Fox River
Valley, located approximately 4 to 5 miles west of the Site. The unit is present
near ground surface in the Fox River Valley area and water from precipitation,
lakes, and the Fox River can enter the sand and gravel (Drawing 10010201-F3).

Groundwater within this unit flows from this recharge area to the east toward
Lake Michigan.

Depths of wells in the sand and gravel are generally less than 140 feet. The
highest yielding sand and gravel wells (greater than 500 gpm) are generally

located in major valley systems. The generalized stratigraphy of the
~ unconsolidated deposits in northern Illinois is shown on Figure 6.

3.6.2.2 Bedrock Hydrogeology - Groundwater producing units in the deep
Cambrian-Ordovician aquifer include the Galena-Platteville Dolomite,
Glenwood-St. Peter Sandstone, Ironlon-Galesville Sandstone, and Mount Simon
Sandstone. The Mount Simon is sometimes considered a separate aquifer because
il is separated {rom the overlying Ironton-Galesville Sandstone by the Eau Claire
Shale aquiclude. The shallower dolomile aquifer is separated {rom the deeper
aquiters by the Maquoketa Shale. In some locations, the deeper sand and gravel
directly overlie the shallower dolomite aguifer and the two units are hydraulically

connected. The generalized stratigraphy of rocks in northern Illinois are shown on
Figure 5.

Of the bedrock aquifers, the Silurian dolomite is the primary source of
groundwater in Lake County. However. the sand and gravel aquifers provide only
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slightly less groundwater than the bedrock aquifers (Illinois State Water Survey.
1976). The vield capacity of the Silurian dolomite aquifer varies depending upon
interconnection of fractures and aquifer thickness (Woller and Gibb. 1976). The
aquifer is recharged by the downward migration of water from the overlying
glacial deposits where sand and gravel deposits are in contact with the bedrock
surface.

The depth of wells in the deep aquifer averages about 1.300 feet, and many of the
wells yield over 700 gpm. Wells in the shallow dolomite are set to an average
depth of about 300 feet.

3.7 SITE HYDROGEOLOGIC SETTING

3.7.1 Site Geology

The Site area is underlain by differentiated deposits of sand, gravel, and siity clay.
Soil boring and monitoring well locations are shown on Drawing 10010201-F2.
Results of grain size analyses, Atterberg limits testing, TOC analyses. and
permeability testing conducted on soil samples during the RI are presented on

Table 3-7. Results of soil testing conducted prior to the RI are presented on
Table 3-8. :

The unconsolidated deposits encountered in borings drilled at the Site consist of a
depositional sequence of till and outwash deposits associated with the surficial
Cahokia alluvium (Holocene} and underlying Wadsworth and Haeger Till
Members of the Wedron Formation. The unconsolidated deposits are divided into
four distinct depositional units, in order of increasing depth and age:

* Surface soils

* An elongated surficial sand deposit (that includes deposition within the
Wadsworth Till Member and post glacial sand) of limited vertical and
lateral extent which is present near the southern boundary of the landfill

* A clay-rich diamict (Wadsworth Till Member)
* A deep sand and gravel aquifer (Hacger Till Member).

A conceptual tepresentation of glacial stratigraphy as it relaws to Northern linois
is shown on Figure 6. Each of these four units is discussed individually in the
following paragraphs, Geologic cross-sections depicting Warzyn's interpretation
of the glacial deposits underlying the site arc presented in Figures 13 through 15.
Figure 12 shows the locations of the geologic cross-seclions.
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Surface Soils - Natural surface soils encountered during the RI included
1 to 1.5 feet of reddish to black topsoil formed as weathered surface of the clay
diamict in borings W2D and W7D (Appendix H). Five teet of peat and organic
rich clay and silts were found overlying the surficial sand in soil borings drilled in
the wetland area (W3SA and W6S). The peat and organic rich clays are
representative of fine-grained post-fluvial environments such as wetland or
overbank deposits. Four feet of fill (disturbed soil) was also observed overlying
4 feet of peat in sotl boring W4S and overlying surficial sand materials in soil
boring W5S. See Section 3.1.2 for a description of natural surface soils
underlying the landfill.

Surficial Sand - The surficial sand is present only along the southern portion of
the site and is not used for public or private water supply. It exhibits an elongated
east-northeast to west trending geometry (Drawing 10010201-F4). Structurally
the surficial sand thickens from its furthest lateral extent toward the center line of
the deposit, reaching its thickest point of 54 feet at soil boring LB4A. The
surficial sand was not observed in the northern portion of the landfill
{Drawing 10010201-F4). Geologic cross-section B-B' (Figure 14) illustrates the
extent of the deposit from a north-south perspective. As shown on geologic
cross-section C-C” (Figure 15), the surficial sand underlies refuse in the southern
portion of the old landfill. Geologic cross-section A-A’ (Figure 13) illustrates the

vertical extent of the surficial sand along the southern portion of the old and new
landfill.

The surficial sand generally consists of light brown to gray. fine to coarse grained
sand, with varying amounts of gravel, silt. and clay. The USCS classification of
the surficial sand samples collected from the borings drilled during the Rl is
SM: a silty sand, sand silt mixture (Table 3-7). A total organic carbon content of
11.7% was detected in a sample collected from soil boring W5S (7-9 fi depth).

Clay-Rich Diamict - The clay-rich diamict is a laterally extensive deposil which
contains various amounts of sand, gravel, and silt mixed in a matrix of clay. which
contains discontinuous layers and lenses. The clay-rich diamict is present beneath
most of Lake County and its regional extent is shown on Drawing 10010201-F3.
The clay-rich diamict represents deposits of the Wadsworth Till Member and is
present bencath the entire site, based on borings drilled at the site.

The horizontal and vertical extent of the clay-rich diamict in the vicinity of the
site is shown on Drawing 10010201-F5. Drawing 10010201-F5 ditfers {rom the
PSER/TS Drawing 60953-F7 becausec Warzyn did not estimale the thickness of
the clay diamict in soil borings which did not compietely penetrate the diamict. as
did P.E. Lamorcaux and Associates (PELA) when they prepared
Drawing 60953-F7. As such, most of the TSC borings which did not penetrate
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the clay till (which were used by PELA to estimate the thickness of the clay till)
were not used to construct Drawing 10010201-F5.

Based on the soil borings drilled in the vicinity of the site. the surlicial sand is
separated from the deep sand and gravel aquifer by the clay-rich diamict. The top
of the clay diamict is present immediately bencath the surface soils along the
northern portion of the site and may be as deep as 54 feet below ground surface
(boring LB4A) where it underlies the surficial sand south of the site. Geologic
cross section B-B’ (Figure 14) illustrates both the area with the thicker clay-rich
diamict and the area with the thinner clay rich diamict. Based on a review of
boring logs which penetrated the diamict, the diamict is thickest in the areas
surrounding the surficial sand deposits beneath the landfill and north; south. and
west of the landfill (e.g.. 110.5 feet and 88 feet in soil boring PZ! and US2D,
respectively [Drawing 10010201-F5]). The clay-rich diamict generally is thinner
where the surficial sand is thickest. As such, the diamict is thinnest (less than
approximately 20-25 feet) south of the landfill.

Based on the results of the geotechnical analysis and the soil samples collected
during the RI, the clay-rich diamict is typically light to dark gray massive silty to
lean clay, with trace to some sand and trace gravel. The samples submitied for
geotechnical analysis are USCS classified as inorganic clays of medium to low
plasticity, gravelly, sandy, silty, and lean clays (CL) to (CL-ML) (Table 3-7).
Discontinuous thin layers and lenses of sand and silt were also encountered in the
soil borings penetrating the diamict (borings W3D, W2D, and W7D).

The geotechnical analysis of the shelby tube samples collected from the clay-rich

diamict in soil borings W2D and W3D indicated that total organic carbon content

ranged from 3.6% in soil sample W2D (29 feet to 31 feet depth) and 1.64% in soil
sample W3D (36 feet to 38 feet depth). The estimated total porosity ranged from
38% to 24% in these shelby tube samples collected from W2D and W3D.,
respectively.

Deep Sand and Gravel - The deep sand and gravel is lateraily extensive and is
present beneath the entire site. (Drawing 10010201-F3). The {ull thickness of the
deep sand and gravel is not known, bul the unit is at least 185 feet thick in the site
vicinity (Ecology and Environment. Inc. 1989). Bascd on the results ol the sieve
analysis of the samples collected from the deep sand and gravel aquifer, the upper
portion of this unit consists of brown Lo gray fine 10 coarse sand. with trace w
some gravel. trace to little silt. and trace clay. Lower portioas ol this unit are
poorly sorted and contain grealer percentages of gravel. The deep sand and gravel
represents outwash deposits associated with the Hacger Till Member
(Willman. ct.al.. 1975). '
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3.7.2 Site Specific Hydrogeology

As discussed in the previous section. three major aquifers underlie the Site. The
following discussion focuses on the deposits of glacial or recent origin.
Water-bearing glacial or recent deposits consist of the surficial sand. underlying
clay-rich diamict aquiciude and deep sand and gravel aquifer.

Groundwater level data was coilected by Warzyn on June 8 and 9, 1993
(Table 3-9). A water table map for the surficial sand (Drawing 10010201-F6) and
piezometric surface map for the deep sand and gravel (Drawing 10010201-F7)
have been prepared to illustrate groundwater flow directions.

Slug tests were performed on monitoring wells during the RI to estimate
horizontal hydraulic conductivity. Resultant hydraulic conductivity estimates are
presented in Table 3-10. Conductivity test results obtained from the previous
investigations are located in Table 3-11. Laboratory constant head permeability
tests were performed on samples collected from the clay diamict by Warzyn
during the RI and those test results are located in Table 3-7. Laboratory constant
head permeability test results obtained during the previous investigations of the
site are also presented in Table 3-8.

3.7.2.1 Surficial Sand - Water level elevations from the water table wells and
standpipes screened in the surficial sand indicate that the water table is near the
surface and that the groundwater in the surficial sand is flowing in an east 10 west
direction under a shallow hydraulic gradient. Groundwater flow in the surficial
sand also has, as discussed in Section 3.4, a component of flow discharging into
Sequoit Creek (Drawing 10010231-F6), the rate of which is controlied by the
hyvdraulic gradient and the hydraulic conductivity of the surficial sand.

The results of the single well hydraulic conductivity slug tests performed in the
surficial sand in wells (W3SB, W4S. W5S. US1S, US3S8. US4S, and US6S)
indicate that the horizontal hydraulic conductivity of the surficial sand ranges
from 2.10E-02 to 3.60E-04 centimeters per second (cm/s) (Table 3-10). These
results indicate that groundwater tlow can readily take place in the surficial sand
deposits and are typical for these types of soil materials.

Bascd on the waler level elevations obtained from well nest W3SA and W3SB. a
very slight downward vertical hydraulic gradient of 0.002 feet per foot was
observed trom the water table surface to the base of the surficial sand (Table 3-12, -
Figure 13). This indicates that even though most of the groundwater movement in
the surficial sand i$ horizontally into Scquoit Creck. that there is slight downward
groundwater tlow,
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3.7.2.2 Clay-Rich Diamict - The clay-rich diamict acts as an aquiclude or
aquitard. separating the surficial sand from the deep sand and gravel.
Groundwater movement within the clay-rich diamict is primarily downward.
Groundwater equipotential lines within the diamict are shown on Figures 13. 14.
and 15. The rate of groundwater movement within the diamict is controlled by
the hydraulic conductivity of the diamict and the hydraulic gradient across the
diamict.

The results of the single well hydraulic conductivity slug tests performed in wells
screened in the clay diamict (wells US31, US6D and US7S) during previous
investigations at this site are located in Table 3-10. Horizontal hydraulic
conductivities calculated using the Hvorselv Method from the slug tests were
7.9E-06 cm/s in piezometer US31 and 8.0E-06 cm/s in piezometer US6L.
Piezometer US7S was screened through a sand layer and the resuliant hydraulic
conductivity of 5.80E-03 cm/s is not indicative of the clay-rich diamict.

Warzyn did not perform slug tests on wells screened in the clay diamict during the
RI, rather, laboratory constant head permeability tests were performed on Shelby
tube samples collected from the clay diamict. Laboratory constant head
permeability results, obtained from diamict samples collected from monitoring
well W2D and W3D, indicated that the vertical hydraulic conductivity of the
clay-rich diamict is on the order of 1.50E-08 cm/s to 1.70E-08 cm/s (Table 3-7).
The vertical hydraulic conductivity of the clay diamict ranged from 1.0E-08 cm/s
to 6.9E-07 cm/s, based on constant head permeability tests performed on samples
collected from soil borings LB2, LB3, LB4A and LB 10 during the previous site
investigations (Table 3-8). These results indicate that the vertical and horizontal
hydraulic conductivities of the clay-rich diamict are low, and as a result. poor
hydraulic communication exists between the surficial sand and the deep sand and
gravel aquifer.

Poor hydraulic communication between the surficial sand and the deep sand and
gravel aquifer is also substantiated based on the piezometric head elevation
differences observed between wells screened in cach unit. Groundwater
¢levations obtained from wells screened in the surficial sand ranged (rom
761.84 feet MSL in wells G102 and W5S 10 764.39 feet MSL in well US1S
(Table 3-9), while head elevations in the deep sand and gravel aquiter ranged
from 728.14 feet MSL in well US3D to 737.02 feet MSL in piezometer PZ2
(Drawing 10010201-F7, Table 3-8). Approximately 30 fect of head elevation
difference exists btiween the surficial sand and the deep sand and gravel aquiter.

Vertical hydraulic gradients were calculated based on the head elevation
differcnces between wells screened in the surlicial sand and the clay-rich diamict.
between wells screened in the clay-rich diamict and the deep sand and gravel

Techmeal Memuranduii No, | Cictoher [W03 “HOD. Landie - Awioch. Hluwas
Page 5-13




aquifer. and between wells screened in the surficial sand and the deep sand and

gravel aquifer (Table 3-12). The gradients ranged from 0.4 fv/ft in wells US3I.
US3D 10 2 ft/ft in wells US6S, US6I.

These results coupled with the calculated hydraulic conductivities indicate that the
clay-rich diamict impedes groundwater flow between the surficial sand and deep
sand and gravel aquifer. As such, groundwater movement is very slow through
the clay-rich diamict even in areas where the clay-rich diamict is thinnest. The
average linear groundwater velocity through the clay-rich diamict in the area
where it appears to be thinnest (approximately 25 feet) near soil borings W3D,
LB10, and LB4A, is estimated to be approximately 0.097 feet per year (ft/yr).
The groundwater velocity and travel time through the clay-rich diamict in this
area were based on the observed thickness of the clay-rich diamict at
approximately 25 feet in soil boring LB 10; the vertical hydraulic conductivity of
1.76E-02 fUyr; a porosity of 24% measured in the shelby tube sample coliected
from soil boring W3D, and an estimated hydraulic vertical gradient of
approximately 1.3 ft/ft. The groundwater travel time through the thinnest area of
the clay-rich diamict was estimated to be approximately 258 years in this area.

3.7.2.3 Deep Sand and Gravel Aquifer

The deep sand and gravel aquifer is used for public water supply by the Village of
Antioch and for private well use by nearby residences located east of the Site.
This aquifer occurs beneath the entire site based on soil borings drilled during the
previous site investigations and the RI. The thickness of the deep sand and gravel
aquifer is not known since site soil borings have not entirely penetrated this unit.

Regionally, the deep sand and gravel aquifer exists under confined and semi-
confined conditions. Groundwater recharge to the deep sand and gravel aquifer
occurs primarily from the Fox River Valley where the aquifer outcrops (See
Section 3.6.2, Drawing 10010201-F3). As groundwater flows toward the east
from the recharge area, the aquifer is confined by the clay diamict.

As discussed in the previoué section, the clay-rich diamict overlies the deep sand
and gravel aquifer over the entire site and, based on the piezometric head
elevations obtained during the RI, the deep sand and gravel aquiler exists under
confined conditions. Piezometric head clevations ranged from 728.4] feet MSL
in well US3D to 737.02 feet MSL in well PZ2 (Table 3-9). The top of the deep
sand and gravegl aquifer ranges in elevation from 669.17 feet MSL in soil boring
LB10 to 702.77 feet MSL in soil boring VAS.

The groundwater flow direction in the deep sand and gravel aquiter is illustrated
on Drawing 10010201-F7. Based on the piezometric head elevations collected on
June 8 and 9, 1993 (Table 3-9), the groundwater of the deep sand and gravel
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aquiter appears to be tflowing from northeast to southwest under a low hydraulic
gradient (Drawing 10010201-F7). The groundwater flow direction along the
western portion of the site appears to be influenced by the pumping of the Village
water supply wells located 1o the west and southwest of the site. Village pumping
records for the period June 6 through June 9, 1993 have been requested from the
Village and will be included in the RI Report if and when received.

A groundwater divide in the deep sand and gravel aquifer was shown on the
piezometric map included in the PSER/TS. The divide was controlled by the
relatively higher groundwater elevation in well PZ2, located south of the landfill
(Drawing 10010201-F7). Elevated potentiometric head levels were also measured
in well PZ2 by Warzyn (737.02 feet MSL) in June of 1993 and by Weston Gulf
Coast Laboratories (737.44 feet MSL) in August of 1993 (Table 3-9). As we
stated in the PSER/TS, well PZ2 is partially screened in the clay-rich diamict.
The top of the deep sand and gravel aquifer is located at a depth of approximately
74 feet at PZ2 and the sand filter pack was placed at a depth of 65 feet to 82.5
feet, approximately 9 feet into the clay diamict and 8.5 feet into the deep sand and
gravel aquifer. The top of the screen was placed at 71.6 feet, only 2.4 feet into the
deep sand and gravel aquifer. The groundwater elevation observed at well PZ2
appears to reflect the groundwater head in the lower portion of the clay-rich
diamict and not the deep sand and gravel aquifer.

The horizontal hydraulic conductivity of the deep sand and gravel aquifer was
estimated using single well slug tests on wells W3D, US3D and US6D. Hydraulic
conductivities ranged from 1.10E-03 cm/s to 3.80E-04 ¢cm/s (Table 3-10). The
estimated hydraulic conductivities that were calculated from slug tests performed
during the previous site investigations were similar, and ranged from 2. 1E-
03 cm/s to 5.24E-04 cm/s (Table 3-11). These results indicate that groundwater in
the deep sand and gravel aquifer has the ability to transmit groundwater readily
enough for municipal and private use.

3.7.2.4 Landfill Hydraulics

Leachate is present within both the old and new landfills. Leachate elevations and
leachate heads (column of leachate present in the landfill base) are presented in
Table 3-13. The current leachate extraction system consists of a leachale
collection pipe installed on both the west side and cast side of the barrier wall
between the old and new landfills. In addition, leachale is pumped from existing
leachate piczometers P1, P2A, P3A. P8, PY, and P10. The [ollowing discussion of
landfill hydraulics is based on leachale measurements oblained on August 20.
1993 and groundwater measurements obtained on June 8 and 9. 1993,

Leachate elevations in the old landtill range from 764.84 feet msl at leachate

piczometer LP14 (leachate head: 6.6 lTect) to 773,12 feet msl at leachale
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piezometer LP4 (leachate head: 24.2 feet). These leachate elevations are higher
than the groundwaler elevations at monitoring wells near the perimeter of the old
landfill. The water table elevation near the southern boundary of the old landtill is
approximately 762 feet msl. At well G118 (northwestern corner of the old
landfill) the groundwater elevation is approximately 765 feet msl. The potential
exists for leachate to leave the old landfill via the surficial sand to the south and
through the clay berm to the west and discharge to Sequoit Creek. The potential
for release of leachate from the oid landfill to groundwater and/or surface water
would be greater along the southern portion of the old landfill where the surficial
sand underlies refuse.

Leachate elevations in the new landfill range from 753.95 feet msl at leachatc
piezometer LP8 (leachate head: 31 feet) 10 779.64 feet msl at leachate piezomelter
LP6 (leachate head: 25 teet). The highest leachate head was measured at leachate

piezometer LP9 (45.8 feet). The new landfill base grad 2st
(approximately 717 to 723 feet msl) in the northeast corner of till
near leachate piezometers LP 8 and 9. The potential for leachate ‘he
new landfill to groundwater is lower in the new landfill because tt | is
underlain by the clay-rich diamict and a clay bottom and per 'as
installed along the southern perimeter (where the surfici: ed
previously).

SICHts it/ AISARITW
Lehi 609 §9)
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4

NATURE AND EXTENT
OF CONTAMINATION

This section provides a summary of the results of analyses performed on samples
collected from the H.O.D. Landfill site as part of the RI/FS. Contaminants
detected at the site are grouped by their structure and by their chemical properties.
These analysis results are discussed in terms of potential contamination sources,
and in terms of pathways and matrices which may have been contaminated by
those potential sources. The background concentrations of metals in the soils and
groundwater at the site area are discussed.

4.1 SUMMARY

Groundwater samples from the site monitoring wells, the Village of Antioch
water supply wells, and private residence wells were collected as a part of the RI
for the H.O.D. Landfill, as well as samples of the site surface water, surtace soils.
leachate, and landfill gas samples. The samples were analyzed for organic
(volatile, semivolatile, and pesticide/PCBs), inorganic (metals and cyanide), and
groundwater quality indicator parameters.

For the groundwater matrices, VOCs were the only organic compounds detected.
VOCs were primarily found in samples from monitoring wells screened in the
surficial sand, including wells US4S and WSS, which are located at the southeast
corner of the old landfill, and wells US6I (screened in the clay-rich diamict) and
W6S which are located in the southwest corner of the old landfill. VOCs were
also found in samples from monitoring well US3D, which is screened in the deep
sand and gravel aquifer. The VOCs detected belong to the structural class of
chlorinated alkenes, and include trichioroethene (TCE), 1,2-dichléroethene
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{DCE). and viny!l chloride (VC). In addition. carbon disulfide was detected in
well G118, located in the northwest comner of the old landfill.

Organics detected in the private and village wells include VOCs and
semivolatiles. Carbon disulfide was detected in Village Well No. VW3,
Semivolatile organic compounds (o-cresol and 4-chloroaniline) were detected in
village wells VW3 and VW35, and private well PW2. The source of these
compounds is not clear (see Sections 4.7.3 and 4.7.4).

Surface water samples do not appear to be significantly impacted by leachate.
Organics detected in surface water samples include the ketones
4-methyl-2-pentanone and 2-hexanone, which were found in a sample obtained
from the SWO03 location. Semivolatile compounds and any pesticides/PCBs were
not detected.

Surface soil samples collected from the sideslopes of the landfill indicate the
presence of VOCs and the semivolatile compound groups of phthalates and
polynuclear aromatic hydrocarbons (PAHs).

4.2 SAMPLING AND ANALYSIS

This section provides a discussion of the results of the sampling and analysis
conducted during the period May through July 1993 at the site. Media sampled
include groundwater from the Village of Antioch water supply wells, the private
wells, and the site monitoring wells; the surface water from Sequoit Creek:
leachate from the landfill; surface soils from the landfill cover; and gas samples
from the leachate piezometers/landfill gas wells. The samples collected were
analyzed and validated, as specified in the RI/FS Quality Assurance Project Plan
(QAPjP) dated December, 1992.

The results of these analyses are presented in report format in Appendix P of this
document. Also included in this Appendix is a Data Quality Summary, and
laboratory and data validation qualifier definitions. In addition, detected chemical
constituents discussed in this section are summarized in Tables 4-1 through 4-10
for ease of review.

Technical Memorandum No. | October 1993 H.0.D. Landfill-Antioch, {llinois
Page 4-2




Table Title

4-1 Regulatory Limits

4-2 Summary of Background Metals and Indicator Results

4-3 Summary of Landfill Gas Results

4-4 Summary of Vol‘;m'le Organic Compounds in Groundwater, Surface
Water, Surtace Soils, and Leachate

4-5 Summary of Historical Monitoring Well VOC Data

4-6 Summary of Semivolatile Organic Compounds in Groundwater,

Surface Water, Surface Soils, and Leachate

4-7 Summary of Metals in Groundwater, Surface Water, Surface Soils,
and Leachate

4-8 Summary of Groundwater/Leachate Quality Indicator Results

4-9 Summary of Chemical Constituents Detected at Village of Antioch
Water Supply Wells and Private Residence Wells

4-10 Summary of Historical Data for VOCs Detected in Village of
Antioch Water Supply Well No. 4

5-1 Summary of Physical and Chemical Properties of Compounds
Detected at HOD Landfilt

4.3 SITE SOURCE AREAS AND

POTENTIAL CONTAMINANT PATHWAYS

The source of potential contamination at the site is the refuse in the old and new
landfills. Potential pathways include contaminant releases to the groundwater. to
surface water, to surface soils, and to air. Contaminants in the refuse may
potentially be leached trom the refuse by percolating precipitation. then be
transported out of the landfill and into the groundwater and then be discharged to
surface water (Sequoit Creek). Leachate may also potentially be released through
the side slopes of the landfill (via leachate seeps), causing surtace soil
contamination. Landfill gas emissions can potentially affect air quality.

Source characterization was accomplished through the analysis of leachate and
landfill gas samples. The results were then compared to samples collected from
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potential pathways, including groundwater samples, surface soil samples. and
surtace water samples.

Groundwater samples collected at the site are discussed in terms of the geologic
formation the well from which the sample was obtained is screened in: the
surficial sand (identified with the postscript "S” for shallow). clay diamict
(identified with the postscript "I" for intermediate). and the deep sand and gravel
aquifer (identified with the postscript "D” for deep). Groundwater monitoring
wells which are on-site (within the WMII property boundary) and off-site (outside
the WMII property boundary) are delineated for risk assessment evaluation as
follows. .

Surficial Sand On-Site Surficial Sand Off-Site
« GIl1S * USOLS
» US04S * US03I
+ USO6l « US03S
+ US06S * WO3SB
* W0SS * W04S
* WO06S
Deep Sand and Gravel Deep Sand and Gravel
Aquifer On-Site _ Aquifer Off-Site
* G11D * USOLID
» US04D + USO3D
» US06D + WO3D
* WO7D

Three surface water samples were collected from Sequoit Creek. Five surface soil
samples were collected trom the sides of the landfill where evidence of suspected
landfill related effects were observed.

4.4 CONTAMINANT GROUPINGS

In order to facilitate the discussion of organic contaminants present at the site, the
compounds that were detected have been categorized into major groups based on
the compound’s chemical structure. The following groupings present compounds
detected in various media at the site.
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4.4.1 Volatile Organic Compounds (VOCs)

4.4.1.1 Chlorinated alkanes - 1,l-dichloroethane. 1.2 -dichioroethane.
chloroethane, 1,2-dichloropropane. methylene chloride. and chloromethane were
detected in samples from the site. The chlorinated alkanes are common industrial
solvents. Methylene chloride is a common laboratory contaminant. These
compounds may undergo biodegradation under the anaerobic conditions found in
landfills. Biodegradation of these compounds typically involves the loss of a
chlorine atom. The following abbreviations are used in the text:

« 1,1-DCA - 1,1-dichloroethane
+ 1,2-DCA - 1,2-dichloroethane
* 1,2-DCPA - 1,2-dichloropropane

The other three VOCs detected are not abbreviated.

4.4.1.2 Chlorinated alkenes - Tetrachloroethene, trichloroethene.
dichloroethenes, and vinyl chloride were detected in samples from the site. These
compounds are common industrial solvents, and represent a potential degradation
sequence. 1,2-dichloroethene is reported as separate cis- and trans- isomers for
the landfill gas analysis and for Village of Antioch water supply well No. 4, but as
a total of the two isomers for all other analyses. For comparison purposes, total
I.2-dichloroethene results are discussed in this section. The following
abbreviations are used in the text:

* PCE - tetrachloroethene

e TCE - trichloroethene

+ 1,2-DCE - 1.2-dichloroethene (total)
* 1,1-DCE - 1,1-dichloroethene

* VC - vinyl chloride

4.4.1.3 Aromatics - The aromatic compounds benzene, ethylbenzene, xylene,
toluene (together referred to as BEXT), chlorobenzene. and the semivolatile
organic compound 1,4-dichlorobenzene (1,4-DCB) were detected in samples from
the site. The BEXT compounds are partially water soluble and are related to
gasoline and other petroleum hydrocarbon products. 1,4-DCB is used as a soil
fumigant, in moth balls, and in disinfecting blocks (such as urinal cakes and
recreational vehicle sanitary systems). All of these compounds are used as
solvents and as reagents for a variety of manufacturing processes.
\

4.4.1.4 Ketones - Ketone compounds detected at the site include acetone,
2-butanone (also known as methyl ethyl ketone or MEK). 4-methyl-2-pentanone
(methyl isobutyl ketone or MIBK), and 2-hexanone. These compounds are
common solvents used in paints, cement adhesives, resins. and cleaning fluids.

~
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Acetone and MEK are typically used in analytical taboratories and can be
laboratory contaminants. '

4.4.2 Semivolatile Organic Compounds (SVOC)

4.4.2.1 Phenols - Phenol, 2-methylphenol (o-cresol). 4-methylphenol (p-cresol).
and 2 4-dimethylphenol were detected in samples from the site.  Phenols are used
in adhesives, epoxies, plastics, and a variety of synthetic fibers and synthetic dves.

4.4.2.2 Polynuclear Aromatic Hydrocarbons (PAHs) - PAHs detected at the
site consist of naphthalene, 2-methylnaphthalene, acenaphthene, fluorene.
phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene. chrysene.
benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2.3-cd)pyrene.
benzo(k)fluoranthene, benzo(a,h)anthracene, and benzo(g,h,i)perylene. This
group of compounds is associated with and derived from coal, oil, and the
incomplete combustion of carbonaceous materials.

4.4.2.3 Phthalates - Diethylphthalate, and bis(2-ethylhexyl)phthalate were
detected at the site. These compounds are associated with plastics and plastic
making processes. Phthalates can also be lab contaminants.

4.4.2.4 PCBs - The polychlorinated bipheny! (PCB) Aroclor 1016 was detected at
the site. Mixtures of PCBs are identified and sold under the trade names of
various Aroclor numbers and were formerly used extensively in various industrial
applications.

4.5 COMPOUND CONCENTRATION COMPARISONS

In this section, analytical results of compounds detected at the site are compared
to regulatory limits for all these compounds. and for metals analysis only were
compared to local background concentrations.

4.5.1 Applicable Regulations

Results of the two site groundwater analyses were compared to U.S.EPA
Maximum Contaminant Levels (MCLs), and Illinois Groundwater Quality
Standards tfor potable resource groundwaters (Class I) and general resource
groundwaters (Class II). Regulatory limits for all organic compounds and
inorganic analytes detected at the site are summarized in Table 4-1.

4.5.2 Background Evaluation

Upgradient samples of groundwater from the deep sand and gravel aquifer were
collected (wells W7D and USID). An upstream sample of Sequoit Creek (S101)
was also collected. Background samples of soils and surticial sand groundwater
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were not collected. Background soil samples were not collected because the areas
sampled were presumed to be contaminated. It was not possible to collect true
upgradieni background groundwater samples from the surficial sand because the
surticial sand is of limited horizontal extent and because of the groundwater tlow
pattern.

However. because metals exist naturally in soils, some source ot natural
(background) concentrations is required in order to evaluate metals in on-site
soils. For an indication of likely background concentration ranges of metals in
soils, two sources were obtained. Observed ranges for background concentrations
of metals in soils for the eastern United States are presented in Table 4-7 and are
from Elemental Concentrations in Soils and Other Surficial Materials of the
Conterminous United States. U.S. Geological Survey Paper 1270. 1984, A
second source, also presented in Table 4-7, is from Chemical Eguilibria In Soils.
by Willard L. Lindsay (John Wiley & Sons, publishers): Table 1.1 "The Content
of Various Elements in the Lithosphere and in Soils”. It should be understood
that these published ranges represent a wide variety of soils derived from a range
of ditferent parent materials, and may not represent the site specific background
conditions.

Upgradient groundwater quality in the deep sand and gravel aquifer is represented
by groundwater samples cotlected from upgradient wells US1D and W7D. These
two wells are located upgradient of the landfill and are theretore outside of the
influence of the landfill. However, two sample points are not sufficient to
conduct a meaningful statistical evaluation. Therefore, for comparison purposes.
groundwater quality background concentrations were estimated using data from
the Illinois State Water Survey’s Groundwater Quality Database. The database
contained results tfrom 98 samples collected in Township 46N, Range 10E.
Lake County, Illinois. Analytical results for total metals and dissolved metals.
and indicator parameters were used for a statistical evaluation, as summarized in
Table 4-2. For site evaluation purposes, a value of 1/2 the detection limit for
non-detect analyses has been used in calculating values in the table. The
statistical summary includes the number of samples analyzed; the minimum.
maximum, and average concentrations detected: and the standard deviation. The
background value was calculated as the average plus two times the standard
deviation. The appropriate values have been listed on the analytical summary
tables for metals, private wells, and indicator parameters.
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Dissolved Metals Present in Groundwatér
Based on Regional Database,
Site Background Samples, and Site Samples

Regional Wells Site
Metal Database US1D. W7D Wells

Calcium
Magnesium
Potassium
Sodium
Barium
Manganese
Arsenic
Cadmium
Copper
Nickel
Zinc
Thallium

PR i

LA ST T I i
KR KKK KKK

A comparison of the data from background wells US1D and W7D, with the data
from the regional database reveals that results for common dissolved metals
(calcium, magnesium, potassium, sodium, and barium) are similar. These metals
were present on-site at concentrations greater than regional or site background
levels. Manganese was not reported in the regional database.

Of the dissolved metals detected in groundwater samples from the site, arsenic.
cadmium, copper, nickel, and zinc were reported in the regional database, but
were not detected in background wells US1D and W7D. Of these tive metals.
cadmium and zinc were detected in the on-site deep sand and gravel aquifer
samples at concentrations greater than the regional background value. However.
concentrations of arsenic, copper, and nickel, would also be considered above
background. '

Thallium was not detected in samples included in the regional database, or in
background wells USID and W7D. Thallium was detected in one on-site deep
sand and gravel groundwater sample.
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4.6 SOURCE CHARACTERIZATION
Potential contaminant sources include landtill gas and teachate,

4.6.1 Landfill Gas

Samples of landfill gas were collected from five leachate piezometer/gas well
locations, two from the old landfill (LP1 and LP11) and three from the new
landtill (LP6, LP7. and LP8), and were analyzed for VOCs. Results are presented
in units of parts per billion, volume to volume in the complete reports included in
Appendix P. A summary of landfill gas analytical results is presented in
Table 4-3. Results in this table have been converted to the mass to volume unit of
mg/m?, which is used for risk assessment purposes. Refer to Table 4-3 for the
conversion calculation.

VOCs detected in the landfill gas include chlorinated alkanes, chlorinated alkenes,
aromatics, ketones, and tfreons. Concentrations were generally higher in samples
from the new landfill than samples from the oid landfill, as would be expected.
Note that the method compound list for VOCs in gas is more extensive than that
used for other matrices. However, the additional VOCs (including
trimethylbenzene, ethyl toluene, and three different freons) detected in the landfill

gas were not found in the aqueous or soil matrices as tentatively identified
compounds.

4.6.2 Leachate
Leachate samples were collected from five locations, including leachate

piezometers LP1 and LP!1 in the old landfill, and LP6, LP8, and the leachate
manhole-east (MHE) in the new landfill.

VOCs detected in the leachate include chlorinated alkenes. chlorinated alkanes.
ketones, and aromatic compounds. A summary of the leachate analysis results is
presented in Table 4-4. Ketones were tfound at the greatest concentrations.
reaching a maximum concentration of 19,000-ug/L for acetone in leachate
piezometer LP8. Ketones were found in all leachate samples, as were aromatic
compounds. Ketones were also detected in some of the surface soils samples. and
in one surtace water sample.

Aromatic compounds found in the leachate samples include benzene.
ethylbenzene, toluene, and xylenes, at concentrations of up to 740 ug/L for
toluene in leachate piezometer LP11. Aromatic compounds were also detected in
some of the surface soil samples.

Chlorinated alkanes, including 1,1-DCA, 1,2-DCA, and chloroethane were

detected in samples from leachate piezometer LP1 and the leachate manhole
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(MHE). Chioroethane was detected at a maximum concentration of 43 ug/L in
leachate ptezometer LPL. Chlorinated alkanes were not detected in any other
medium (i.e.. groundwater, surface water. or soils).

Chlorinated alkenes, including PCE, TCE. 1.1-DCE, 1.2-DCE. and VC. were
detected in leachate piezometers LPOL, LP11, and the manhole MHE. 1,2-DCE
was detected in leachate piezometer LP11 at a maximum concentration of 190
ug/L. Compounds from this group were also detected in some of the groundwater
samples.

1,4-Dichlorobenzene, which may be included as either a VOC or SVOC
depending on the exact analytical method, was detected in leachate piczometers
LP6 and LP11, at § and 20 ug/L, respectively. 1,4-DCB was also detected in
surface soil sample SUL.

SVOCs detected in leachate samples include phenols, phthalates, and PAHs, A
summary of SVOC results is presented in Table 4-6.. Phenols were the most
prevalent, and were detected in concentrations up to 2,200 ug/L (4-methylphenol)
in leachate piezometer LPS.

Phthalates detected in the leachate include diethylphthalate and
bis(2-ethylhexyl)phthalate at concentrations of 4 to 42 ug/L. Phthalates are
considered common laboratory contaminants, and are qualified during data
validation, when blanks reveal contamination, or when concentrations are less
than 100 ug/L and results are determined to be due to laboratory contamination
based on professional judgment. Phthalates are often components of leachate. and
therefore the results were not qualified. Phthalates were not detected in the
groundwater samples. Phthalates were also detected in some of the surface soil
samples.

Naphthalene was the only PAH detected in the leachate, and was found at
concentrations of 6 t0 34 ug/L.. Naphthalene is the simplest PAH. and is used as a
solvent tor a wide range of industrial and agricultural applications. PAHSs were
also detected in some of the surface soil samples.

Of the 23 metals analyzed for, 21 were found in the leachate sampies (the
exceptions were antimony and selenium). Metals results are summarized in
Table 4-7. Leachate samples are not filtered for metals analyses; reported metals
concentrations represent both dissolved metals and metals adsorbed on suspended
particles. While MCLs (or IEPA Class I Criteria) are not applicable to leachate,
these limits can be used to identify metals present in the source at significant
concentrations. The metals that were detected in the leachate at above the MCLs
(or IEPA Class I Criteria) include: aluminum, arsenic, beryllium, cadmium,
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chromium. copper, iron, lead. magnesium. manganese. nicke!, thallium. and zinc.
Of these. aluminum, cadmium. iron. manganese. and thallium were also detected
in groundwater samples at above the MCLs (or [EPA Class I Criterta).

Leachate samples were analyzed for indicator parameters, as summarized in
Table 4-8. As expected, the leachate had elevated levels ot total dissolved solids
(TDS). alkalinity. hardness, chloride, ammonia-nitrogen, and total organic carbon
(TOC).

4.7 MEDIA CHARACTERIZATION

4.7.1 Surface Soils

Surface soil samples were collected trom the landtill sideslope at areas of obvious
staining or leachate seepage. As such, the surface soil samples exhibited
contamination similar to the leachate.

VOCs detected in the surface soils include aromatics, carbon disulfide, acetone
and methylene chloride, as summarized in Table 4-4. Aromatics detected include
benzene, ethyl benzene, toluene, and xylenes, at concentrations of 2 to 280 ug/kg.
These compounds are usually associated with gasoline and other petroleum
products. Carbon disulfide was detected in surtace soil sample SU2 at 6 ug/ke.
Methylene chloride and acetone were aliso detected in the samptles. It should be
noted that acetone and methylene chloride at low concentrations (less than 10
times the quantitation limit) are frequently due to laboratory contamination.
Because field blanks are not collected tor soil samples, the potential tor possible
contamination of samples due to transportation and storage cannot be determined.

SVOCs detected in the surface soils include phthalates and PAHs. The compound
bis(2-ethylhexyl)phthalate was detected in all the soil samples at concentrations of
160 to 96()) ug/kg. Phthalates are commonly associated with plastics. PAHs
were found in surtace soils at concentrations of 36 to 1000 ug/kg. With the
gxception of naphthalene found in the leachate. no PAHs were tound in any of the
other samples analyzed during the RI. PAHSs are commonly associated with the
incomplete combustion of petroleum products.

The pesticide 4,4’-DDT was detected at a concentration of 4.3 ug/kg in surface
soil sample SU1, which was collected at a leachate seep on the south sideslope of
the new landfill. DDT, which has been restricted from use since 1973.is a
persistent pesticide that resists biodegradation and is strongly adsorbed to soil.
Complete degradation of DDT may take 30 years or longer. This compound may
be a relict of past pesticide application to the agricultural soils. No other
pesticides weré detected in any other samples collected during the RL '
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Metals results from the soil samples collected for the RI are presented in .
Table 4-7. Because background soil samples were not collected. these results are
compared to published ranges tor metals found in natural soils, as discussed in
Section 4.5.2. Metals detected in the soils at concentrations exceeding the
published background ranges include cadmium and magnesium. Analytical
results tor most metals were similar among the five soil samples. Metals detected
in all these the soil samples include aluminum, arsenic, barium, beryllium.
calcium, chromium, cobalt, copper, iron, lead, magnesium. manganese, nickel.
potassium, sodium, vanadium, and zinc. Cadmium and thallium were only
detected in two soil samples: SU3 and SUS for cadmium and SU1 and SUS3 for
thallium. Antimony, cyanide, silver, and selenium were not detected in the soil
samples. ‘

4.7.2 Groundwater

Results of groundwater monitoring well analysis are grouped below by formation
sampled. In addition, the analytical results from the on-site versus the off-site
wells are also discussed. The Village of Antioch municipal well analyses and the
private well analyses are discussed separately in Sections 4.7.3 and 4.7.4,
respectively.

[n addition to the groundwater quality data collected during May and June 1993,
historical data for the groundwater monitoring wells from 1987 to 1990 has been
incorporated into this discussion. The use of this historical data ailows for a better
understanding of the fate and transport of the contaminants over time.

A summary of VOC results is presented in Table 4-4. VOC results are also
presented on Drawing 10010201-F9. A summary of histerical groundwater data
is presented in Table 4-5. SVOC results are summarized in Table 4-6. Metals
results are summarized in Table 4-7. Groundwater quality indicator parameter
results are summarized in Table 4-8.

Groundwater quality is discussed in the following sections. Groundwater
monitoring well data is discussed acgording to whether the weils are on-site or
off-site and according to which formation is being monitored (data tfrom the
surficial sand and clay-rich diamict wells have been included in the same group
and are discussed under surficial sand).

4.7.2.1 On-Site Surficial Sand - The on-site surficial sand monitoring wells
sampled during the RI include US4S and WSS in the southwestern corner of the
old landtill, US6S and W6S in the southeastern corner of the old landfill, and
G118 in the northwestern corner of the old landfill. Well US6I, located adjacent
to well US6S and WS, is screened in the clay-rich diamict. These wells are
located within the property boundary, but are outside the limits of refuse.
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VOCs detected in groundwater samples trom the on-site surficial sand monitoring
wells are primarily chlorinated alkenes including TCE. 1.2-DCE. and VC. These
compounds were detected near the southwest and southeast corners of the old
landfill.

1.2-DCE was detected at 35 ug/L in monitoring well US4S. located at the
southwest corner of the old landfill. Historically, the concentration of 1.2-DCE at
this location has decreased steadily from a maximum concentration of 76.4 ug/L
in 1987 to 41.5 ug/L in 1990.

Vinyl chloride was detected at 19 ug/L in the sample from the new monitoring
well WSS, also located in the southwest corner of the old landfill. The presence
of VC may be the result of the biodegradation of 1,2-DCE. Historically. VC was
not detected in the older, deeper monitoring well US4S (although 1.2-DCE was
detected, as discussed above) which is located adjacent to well W5S.

Well W5S is a water table well screened across the water table surtace. Well W5S
is screened from approximately 5 to 14 feet below ground surface (bgs) and the
depth to water at this location is approximately 9 feet bgs. Well US4S is
screened at a depth of approximately 17 to 23 feet bgs, which is deeper than Well
WS5S. This may partially explain the different VOCs and VOC concentrations
detected at Wells W5S and US4S.

No VOCs. SVOCs, or pesticides/PCBs were detected at deeper well US4D.
screened in the deep sand and gravel aquifer (See Section 4.7.2.3). No wells are

screened in the clay-rich diamict at this location (in the southwest corner of the
old landfill). |

TCE was detected at 2 ug/L in monitoring well USQ6I, located at the southeast
corner of the old landfill. Historically, TCE has been detected in well US6I at
concentrations of 5 to 8.7 ug/L.

1.2-DCE was also detected at 2 ug/L in monitoring well W6S. Chlorinated
alkenes were not reported in the historical data for USES, located adjacent to well
WES.

Well W6S can be considered to be a water table well even though it is screened
from approximately 6 to 15 feet bgs. The water table is present at a depth of
approximately 2 to 3 feet bgs at this location. Well US6S is screened in the
surficial sand at a depth of approximately 36 to 42 feet bgs. Well US6I is
screened within the clay-rich diamict at a depth of approximately 59 to 63 feet
bgs; the annular seal extends to a depth of approximately 57 feet bgs. The
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surficial sand is present to a depth of approximately 52 feet bgs at this location
(See Geologic Cross Section A-A’, Figure 13).

In summary, a very low concentration ot 1.2-DCE was detected at the water table
well W6S. but no VOCs were detected in the deeper well US6S. which is also
screened in the surficial sand. TCE was detected in well W6I, screened in the
upper portion of the clay-rich diamict. No VOCs were detected in deepest well.
US6D, screened in the deep sand and gravel aquifer (see Section 4.7.2.3).

Carbon disulfide was detected at 0.8 ug/L in well G118, located in the northwest
corner of the old landfill. Carbon disultide was not detected in any Gther
monitoring well sample or surface water sample.

No SVOCs or pesticides/PCBs organics were detected in groundwater samples
obtained from the surficial sand.

The U.S.EPA Secondary Maximum Contaminant Levels (SMCLs) for iron and
manganese were exceeded at all of the on-site surficial sand wells sampled. except
for well US6I. Iron concentrations in these wells ranged from 2.480 to
3,600 ug/L.. Manganese concentrations ranged from 20.3 ug/L at well US6I to
745 ug/L at well W6S.

In addition to those metais naturally present in all samples from the surticial sand
wells (barium, calcium, iron, magnesium, manganese, potassium, and sodium),
arsenic, chromium, and nickel were detected in one sample each. Arsenic was
detected in well US6I at 9.5 ug/L, which is above the background value. but
below the MCL ot 50 ug/L. Chromium was detected in well W6S at 4.4 ug/L.
which is below the MCL of 100 ug/L. Chromium background data were not
available. Nickel was detected in well US4S at 9.7 ug/L, which is below both the
MCL and the background value.

Indicator parameter results for the on-site surficial sand wells were elevated above
the background value (as defined in Section 4.5.2) for ammonia at well W3S,
which is located in the southeastern corner of the old landfill. The indicator
parameter sulfate was elevated above the background value at wells US4S and
W6S. Hardness, alkalinity, and chloride results were all elevated above then
background values, as they were throughout most of the groundwater samples.
Total dissolved solids values exceeded the SMCL at most on-site surficial sand
groundwater locations as well. Refer to Table 4-8 for a summary ot indicator
parameter results and background values.

4.7.2.2 Off-Site Surficial Sand - The off-site surficial sand monitoring wells

sampled during the RI include well USLS outside the southeastern corner of the
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new landfill. wells US3S and W4S. located outside the southwestern comer of the
old landfill and wells W3SA and W3SB, located south of the old landfill. Well
US31 s screened in the clay-nch diamict.

No VOCs. SVOCs, or pesticides/PCBs were detected in the oft-site monitoring
wells screened in the surficial sand.

Well nest W3SA/W3SB/W3D was installed in the wetland south of the landtill to
evaluate water quality in the surficial sand (both at the water table and at the base
of the surficial sand) and in the deep sand and gravel aquifer. Wells W3SA and
W3SB are both screened in the surficial sand: Well W3S A at a depth'of
approximately 6 to 16 feet bgs and well W3SB at a depth of approximately 25 to
29.5 feet bgs. The bottom of the surficial sand is present at a depth of
approximately 29.5 feet bgs at this location (See Geologic Cross Section A-A”,
Figure 13). As indicated above, VOCs are not present in any of these wells.

The U.S. EPA SMCLs for iron and manganese were exceeded at wells. Wells
US1S, US3S, and W3SB exceeded the SMCLs for iron and wells US3S, W3SB,
and W4S exceeded the SMCL for manganese. Additional metals detected in the
off-site surficial sand wells include arsenic, chromium, cobalt, copper, nickel. and
zinc. Of the metals detected, barium, calcium, magnesium, potassium, and zinc
were detected above the background values. Zinc was detected in wells W48S and
W3SB, both located south of the old landtill.

Indicator parameter results for the shallow off-site surficial sand wells are
summarized in Table 4-8. The ammonia results were elevated above the

background value for well W48S, as were the sulfate results tor well W3SB. The .

hardness, alkalinity, and chloride results for the shallow off-site surficial sand
wells were all elevated above the background value, as they were throughout most
of the groundwater samples collected at the site. Total dissolved solids exceeded
the SMCL at well US3I and in the tield duplicate of well W48,

4.7.2.3 On-Site Deep Sand and Gravel Aquifer - The on-site deep sand and
gravel aquifer monitoring wells sampled during the RI include well G11D at the
northwestern corner of the old landfill. well US4D at the southwestern corner of
the old landtill, well US6D at the southeastern corner of the old landfill. and well
W7D east of the new landfiil.

No VOCs, SVOCs, or pesticides/PCBs were detected in the on-site monitoring
wells screened in the deep sand and gravel aquifer.

Historically, TCE had been found at well US6D, at concentrations of 0.5 to 0.7

ug/L. These concentrations are less than ten percent of Contract Required
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Quantitation Limits (CRQLS) specified in the QAPP. TCE was not detected
above the CRQL in the current RI sampling round.

The U.S. EPA MCL for cadmium of 5 ug/L was exceeded by the sample from
well GL1ID (5.6 ug/L). The U.S. EPA SMCLs tor iron and manganese were
exceeded by the sample from the on-site deep sand and gravel aquiter wells US6D
for iron and W7D for manganese. In addition to those metals considered naturally
occurring, arsenic, chromium, and thallium were detected in these samples.
Cadmium, calcium, and magnesium were detected in well G11D at concentrations
above the background value. Background data was not available for thallium
which was only detected in well G11D.

Indicator parameter results for chloride, alkalinity. and harness for the on-site
deep sand and gravel aquifer wells were lower overall when compared to the
surficial sand and off-site deep sand and gravel aquifer well results. Total
dissolved solid results exceeded the SMCL for US4D and US6D.

4.7.2.4 Off-Site Deep Sand and Gravel Aquifer - Off-site deep sand and gravel
aquifer monitoring wells sampled during the RI include well US1D located
outside the southeastern corner of the site, well US3D located outside of the
southwestern corner of the old landfill, and well W3D located south of the old
landfill.
!

Vinyl chloride at 28 ug/L, and 1,2-DCE at 11 ug/L were detected in the sample
from monitoring well US3D, located approximately 250 feet northwest of US4S
and US4D. Historically, VC was detected in 1990 at a concentration of 12.3 ug/L
at this location. A summary of VOC resulits is presented in Table 4-4.

Well US3D is screened at a depth of approximately 77 to 83 feet bgs, in the upper
portion of the deep sand and gravel aquifer (See Geologic Cross Section A-A’.
Figure 13). As indicated in Section 4.7.2.2, no VOCs, SVOCs, or
pesticides/PCBs were detected in wells US3S and US3], screened in the surficial
sand and clay-rich diamict, respectively at this location. '

SVOCs and pesticides/PCBs were not detected in any of the oft-site monitoring
wells screened in the deep sand and gravel aquifer.

The U.S. EPA SMCLs for iron and manganese were exceeded at all oft-site deep
sand and gravel aquifer wells (except well US3D for manganese). In addition to
those metals considered naturally occurring, chromium, nickel, and zinc were also
detected. Barium, calcium, magnesium and zinc were detected in samples above
the background values at wells US3D and W3D.
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Hardness. alkalinity, and ¢hloride analytical results for the off-site wells screened
in the deep sand and gravel aquifer were all elevated above the background
values. as they were throughout most of the groundwater samples. Total
dissolved solids concentrations measured in these oft-site deep sand and gravel
aquiter wells also exceeded the SMCL at all locations.

4.7.3 Village of Antioch Water Supply Wells

Groundwater samples were collected trom the Village of Antioch water supply
wells No. 3 (VW3) and No. 5 (VWS5). The analytical results for these samples are
summarized in Table 4-9. Also included is a review of the historical VOC data
trom 1984 through 1989 and from August 1992 through May 1993 for the
Village’s water supply well No. 4 (VW4), located approximately 200 ft. west of
the southwest corner of the old landfill. These analytical results for Well No. 4
are summarized in Table 4-10.

The VOC carbon disulfide was detected in village well VW5 at 0.6 ug/L. Carbon
disulfide was not detected in landfill leachate. No other VOCs were detected in
village wells VW3 and VWS5.

The Village of Antioch water supply well VW4, as required by {llinois law, was
sampled during 1992 and 1993 tor VOCs listed under the Safe Drinking Water
Act (SDWA) by EPA method 524.2 (a gas chromatograph/mass spectrometer
(GC/MS) method). VOCs detected include cis-1,2-DCE, chloromethane. and
chloroform. Chloromethane and chiorotform can be formed during chlorination of
groundwater and many not be related to an external contaminant source.
Cis-1,2-DCE was reported above the detection limit of 0.5 ug/L intermittently
during 1992 and 1993, at concentrations of 0.5 to 0.8 ug/L (below the MCL of 7(}
ug/L). Chloromethane was reported above the detection limit of 1.0 ug/L in July
1992 (2.2 ug/L) and November 1992 (1.3 ug/L). Chloroform was detected once.
at an estimated concentration of 0.9 ug/L (beiow the reported detection limit of
1.0 ug/L). In addition, historical VOC analyvtical results for samples coliected
from 1984 through 1990 have also been included in Table 4-10.

SVOCs detected in the village water supply weils VW3 and VW5 include
2-methylphenol (o-cresol) at an estimated concentration of 0.5 ug/L in VW5, and
4-chloroaniline, at an estimated concentration of 0.7 ug/L in VW3,
4-Chloroaniline has a variety of industrial uses, as a dye intermediate. and in
agricultural chemicals. The source of these compounds is not clear.
4-chloroaniline was not detected in any other samples collected at the site.
2-methylphenol was detected in one leachate sample and no other samples.

Note that concentrations below the Contract Required Quantitation Limit (CRQL)

are considered estimated (i.e., flagged with the laboratory qualifier "J" as defined
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in Appendix P). This is because the concentration 1s below the linear range of the
the calibration performed during analysis. In organic analysis, the CRQL (the
concentration that can be reliably detected by a number of different laboratories at
a specitic degree of confidence) is reported instead of the instrument detection
limit (the instrument-specitic, statistically-determined minimum concentraticn
that can be detected). Detects below the CRQL are more susceptible to error than
detects above the CRQL.

Total metals analysis indicated that the aluminum and iron concentrations
detected in the Village water supply wells exceeded the U.S. EPA SMCLs. Well
VWS35 contained an aluminum concentration of 55 ug/L, which is above the SMCL
of 50 ug/L for aluminum. The 300 ug/L SMCL for iron was exceeded in samples
obtained from Village water supply wells VW3 (646 ug/L), and VW35
(1.100 ug/L). Iron exceeded the typical background value in the sample obtained
from Village water supply well VWS5. The aluminum exceedence may be due to
aluminum in suspended solids present in the samples. The Village water supply
well samples are not filtered unlike monitoring well samples which are filtered.
These analytical results were below the typical background value tor aluminum.

4.7.4 Private Residence Wells
Four private residence wells, located just east of the site, were sampled during

June and July, 1993. The analytical results for these private wells are summarized
in Table 4-9.

No VOCs or pesticides/PCBs were detected in any of the private well water
samples.

The SVOC 2-methyl phenol (o-cresol) was detected at an estimated concentration
ot 0.9 ug/L in the sample obtained from private well PW2.

Metals analysis indicated that aluminum and iron concentrations e¢xceeded the
U.S. EPA SMCLs in the private well samples. Private well PW3 contained
aluminum at 75 ug/L, which is above the SMCL of 50 ug/L for aluminum. The
300 ug/L SMCL for iron was exceeded in private wells PW1 (3,050 ug/L). PW2
(643 ug/L), and PW3 (549 ug/L). ‘

Additional total metals concentrations detected in samples from the private wells
include cobalt in private well PW2 only; and copper, lead, manganese, vanadium
in private well PW1 only. Zinc was detected at levels above the background
value in private wells PW1, PW5, and PW3. Of all of the metals detected in the
unfiltered private well samples, chromium, lead. and vanadium were not detected
in dissolved (filtered) metals analysis of samples from monitoring wells USIS,
USID, and W7D, which are located in the same general area on the eastern edge
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of the site. Copper. detected in private well PW1 at 26 ug/L. was also tound in
one of the groundwater monitoring well samples (US1S at 4.4 ug/L). Barium,
copper, iron. magnesium, manganese. and zine concentrations detected in the
private well samples exceeded the typical background values tfor these total
metals.

4.7.5 Surface Water

Surface water samples were collected at three locations in Sequoit Creek. Sample
SWSI101 was collected upstream of the site at the southeast corner of the new
landfill. Sample SWS201 was collected at the southwest corner of the landfill.
south of the bridge that crosses the creek at this location. Sample SWS3(1 was
collected at the northwest corner of the old landtill.

The VOCs that were detected in these surface water samples are limited to
detects of 4-methyl-2-pentanone and 2-hexanone, at 2 and 3 ug/L respectively, in
sample SWS301. These compounds were not tound in the field duplicate sample
collected at this location.

No SVOCs or pesticides/PCBs were detected in these surface water samples
obtained from the site. These surface water samples were not analyzed tor the
indicator parameters that the groundwater samples from the site were analyzed
for.

A summary of all reported metals detected is presented in Table 4-7. Because the
surface water samples were analyzed for total metals (i.e., samples were not
filtered), the metals concentrations that were detected are generally higher than
those detected in the groundwater samples from the site. Aluminum, which is
strongly adsorbed to solids, was detected in all of the unfiltered surface water
samples. Antimony, detected at 27.6 ug/L in sample SWS301, was not detected
in any other groundwater, surface water, surtace soil, or leachate samples from the
site. Cadmium. chromium. copper, lead. and zinc were also detected in the
- surface water samples.

JAHAalirs/ ATS IRHW
{<hi 609 88
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CONTAMINANT FATE
AND TRANSPORT

This section provides a review of physical and chemical mechanisms that may
atfect the behavior of site contaminants identified in Section 4. Migration
pathways are identified, and the fate and migration of specific contaminants found
in groundwater and soils are discussed.

5.1 SUMMARY OF FINDINGS

Chemical constituents detected at the site consist primarily of chlorinated organic
solvents in the groundwater. These organic compounds are primarily chlorinated
alkenes, including trichloroethene (TCE), 1,2-dichloroethene (1,2-DCE), and
vinyl chloride (VC). These compounds were also detected in leachate from the
landfill. The concentrations of these compounds as they travel from the source
area are expected to be reduced through physical and chemical mechanisms.
including dilution, adsorption/desorption, biodegradation, and volatilization.

A summary of the physical and chemical properties of the compounds detected at
the site, including molecular weight, water solubility, density, Henry's Law
constant, organic carbon/water partition coetticient (K ), Log octanol/water
partition coefficient (K, ), vapor pressure, and relative retardation factor. is
presented in Table 5-1.
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5.2 PHYSICAL/CHEMICAL
ATTENUATION MECHANISMS

The primary mechanism affecting the migration of contaminants in groundwater
is the physical flow of the groundwater. As contaminants are carried away trom
the source by this flow. dilution will occur, resulting in the attenuation of the
contaminant concentration. In addition, the fate and migration of organic and
inorganic contaminants in the subsurface environment can be affected by
chemical and physical mechanisms. These mechanisms may cause a contaminant
to remain in Solution, precipitate out of solution, be adsorbed to a surface. or
transtorm or degrade into another compound. The following discussion
summarizes each of these potential mechanisms and their effects.

5.2.1 Dilution/Attenuation
A non-reactive species introduced into groundwater or surface water would
decrease in concentration as it is transported away from the source. This
dilution/attenuation of a chemical is independent of any chemical mechanism
affecting concentration over distance. Chloride is a non-reactive 1nd1cator species
aftected primarily by dilution.

5.2.2 Adsorption/desorption

Organic contaminants may be adsorbed or desorbed by organic matter and soil.
strongly influencing the rate of migration. Strongly adsorbed contaminants are
relatively immobile and will not be leached or transported. The amount of a
chemical that will be adsorbed is a function of the properties of the chemical in
question. the geological matrix, and the hydrological environment.

Hydrophobic organic compounds dissolved in agueous solutions will tend to
adsorb onto solid phases that the water contacts. The amount of contaminant that
is adsorbed is a function of soil grain size, mineral composition, organic content.
solute composition, and solid concentration. However, of the variety of soil
components that ¢an influence rates of adsorption, organic carbon content is
generally the most significant. Based on a chemical’s organic carbon/water
partition coefficient (K_ ) and the soil organic carbon content (t_). the relative
atfinity ot a compound for a soil matrix can be estimated. This in turn can
provide an estimate of the transport rates tor various chemicals. The retardation
factor of a chemical describes the etfect of sorption in decreasing the rate ot
contaminant transport in the liquid phase, relative to a non-reactive species
{Rf = 1). A nonreactive species, such as chloride, would have a transport rate
equal to the groundwater flow. A secondary influence of adsorption on the fate of
groundwater contaminants is the retention of organic chemicals near the source
area, where biological and chemical degradation may be enhanced by the presence
of a carbon source or bacteria.

Technical Memorandum No. | Qctober 1993 H.0.D. Landfill- Ansioch, lllinois
Page 3.2




The rerardation factor is calculated as tfollows:
Rf =1+ (Pb/nm)x K\1

Where:
Rt = Retardation Factor {unitless)
Pb = aquiter bulk density (g/m3)
n =eftective porosity (unitless)
K g = distribution coetficient (ml/g)
and
K q = K, xf,
where:
K . = organic carbon partition coefficient
f,. = organic carbon fraction

Aquifer bulk density (Pb) and effective porosity (n) are assumed to be 1.8 g/cm’,
and 0.3; typical values for sand and gravel soils. The organic carbon fraction (f )
is assumed to be 0.1%. Given the differences of the various geological units
present at the Site, these values were assumed to represent conditions in the
aquifer and provide estimates to allow a comparison of the effective rate of
transport for various chemicals detected at the HOD Landfill Site. Retardation
factors calculated in this manner are presented in Table 6-1, along with chemical
and physical properties of chemicals detected at the site. Retardation factors for
1,2-dichloroethene and 1,4-dichlorobenzene are [.23 and [ 1.2 respectively.
Theretore, 1,2-dichloroethene would be expected to travel more quickly through
the aquifer than 1,4-dichlorobenzene. PAHS such as benzo(b)fluoranthene. with
retardation factors 1,000 times higher, would be expected to move very slowly.

Inorganic elements have multiple valence states exhibiting ditferent adsorption
behavior. Hydrogeochemical conditions affect how each chemical contaminant
- reacts. Adsorption will vary depending on pH and Eh conditions. and on the
competing ion species present. Geological matrix components such as hydrous
metal oxides (Fe, Mn), amorphous aluminosilicates, layer lattice silicates (clays).
and organic matter, all provide significant adsorptive surfaces. These surtaces
adsorb contaminants through a pH dependent charge. Decreasing groundwater pH
generally increases positive charge and favors anion retention, while increasing
pH favors cation adsorption. Uncomplexed ions tend to be preterentially
adsorbed over complexed ions. Although considerable descriptive and qualitative
information is available for some elements, it is not possible to predict adsorption
behavior quantitatively based on mineralogy and groundwater composition
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(Battetle, 1984). The synergistic effect of pH. Eh, complexing ions. and
competing ions on adsorption varies between contaminants and matrix materials
and requires further study. However. generalizations and broad groupings of
clements with similar geochemical behavior may be made. Accordingly. metals
in groundwater do not appear to present a significant problem at the Site,

5.2.3 Biodegradation

Biodegradation may be an important tate mechanism for organic constituents
under proper conditions. Biodegradation can result in partial or complete
reduction of contaminant concentrations, and the production of microbial cells,
water and carbon dioxide. The contaminant is transtormed in the presence of an
electron acceptor; oxygen.n aerobic conditions, and nitrogen, sulfate or carbon
dioxide in anaerobic environments. Biodegradation of BETXs (aromatic
hydrocarbons) may occur under aerobic conditions present in the vadose zone.
Other persistent contaminants may resist biodegradation.

Microbially mediated reductive dechlorination of chlorinated alkenes and alkanes
may take place in groundwater systems (Bouwer and McCarty 1983, 1983a,
Parsons et ai. 1987, 1987a). Thus, the chlorinated alkene tetrachloroethene will
degrade to trichloroethene, which will further degrade to 1,2-dichloroethene and
finally chloroethene, better known as vinyl chloride. 1,1,1-Trichloroethane will
degrade to 1,2-dichloroethane and on to chloroethane. The rate of degradation is
related to the availability ot a non-chlorinated carbon source (as a nutrient tor the
bacteria), pH, temperature, compound concentration, and the presence of
microbial toxicants. Sufficient concentrations of the compound must be available
to support bacterial growth. Biodegradation is likely to occur more readily in the
surficial sand than in the deep sand and gravel aquifer.

5.2.4 Oxidation/Reduction

Groundwater systems through hydrochemical and biochemical reactions tend
towards oxygen depletion and reducing conditions. This trend is offset by
oxidation of organic matter catalyzed by microorganisms. The general decrease
in dissolved oxygen produces H* ions. This decrease in pH is often oftset by the
reaction of the H™ with various minerals. When all dissolved oxygen is consumed
(DO generally less than 0.05 mg/L), and other oxidizing agents are also
consumed, the environment may become so strongly reducing that organic
compounds may undergo anaerobic degradation. For this to occur, the
microorganisms must have sufticient consumable material (organic matter).
nutrients (nitrogen, sulfur, phosphorus, some metals), and climatic stability
(temperature).
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[n greundwater systems. pH and the redoex potential (Eh. the the energy gained in
the transter of I mmol of electrons from an oxidant to H,) are interdependent.
Many redox reactions proceed at a slow rate. and may be irreversible.

5.2.5 Volatilization

Loss of organic contaminants trom the site through volatilization is dependent on
site factors including soil porosity, moisture content. nature of the ground surface.
and climatic conditions such as temperature and wind speed. Volatilization is also
dependent on contaminant specific properties such as Henry's Law constant and
diffusivity. The process involves desorption of the contaminant from the soil into
the soil water, diffusion into the water. interphase mass transfer between the water
and the air, diftusion out of the soil pores and into the ambient air.

5.2.6 Precipitation

The solubility of metal species present in the aquifer matrix controls precipitation
of metal contaminants in groundwater. The thermodynamic behavior of various
species may be used to predict the most stable phase that will form in
environment. The evidence for the existence of solubility-controlling solid phases
is often indirect, such as the comparison of ion activity products to solubility
products. Hydroxide and carbonate solids, stable at neutral to high pH values.
often control precipitation rates.

5.2.7 Hydrolysis ‘

Hydrolysis reactions occur between water and an ionic species in solution. Salts
of weak acids and bases hydrolize and may affect the overall attenuation of
various contaminants. Hydrolysis reactions may be catalyzed by acids, bases and
selected metals. Hydrolysis is not a primary fate of contaminants, but may occur
in specific environments.

F

5.3 POTENTIAL MIGRATION PATHWAYS

Contaminants introduced to the environment may migrate through a variety of
pathways to reach potential receptors. The contaminant may contact and be
dispersed by groundwater and discharged to a surface water body. or be
volatilized, emitted trom the surface, and dispersed to the air.

5.3.1 Groundwater/private wells

Groundwater provides the primary migration pathway for contaminant transport at
the site. The extent of migration of these contaminants in the groundwater is
dependent on the interrelationship between site-specific geological and
hydrochemical conditions, and the physical and chemical properties of the
contaminant itself. {n addition, contaminants may be entering the groundwater
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from sources other than the site, further complicating any attempt to describe the
fate and transport of contaminants detected at the site.

Physical and chemical properties that may affect the migration of the chlorinated
VQCs present at the site include dilution, adsorption/desorption, absorption, and
biodegradation. No single mechanism appears to dominate contamjnant fate and
transport at the site. Varying retardation factors may be slowing the transport ot
specitic compounds, while biodegradation rates likely vary at shallow versus deep
depths. Variations in the water table level may be releasing contamination from a
source area in “slugs’, as opposed to a steady state release. Changes in the water
table may also ettect the direction of the contaminant flow.

The chlorinated VOCs detected at the site appear to be present only in the
dissolved phase based on the relatively low concentrations detected. At well nest
W3SA/W3ISB/W3D, there were no VOCs detected at any of the wells including
well W3SB screened at the base of the surficial sand. Although low levels of
VOCs were detected at wells W6S and US6I at well nest W6S/US6S/US6L/US6D,
there is no evidence that free phase non-aqueous phase liquid (NAPL) is present.

Chlorinated alkenes (1,2-DCE and VC) detected in on-site surficial sand wells
(US4S, W3S, and W6S) or at clay-rich diamict well US6I (TCE) were not
detected in oft-site surficial sand weils. It is likely that any contaminants present
on-site in the surticial sand are either biodegraded or intercepted by Sequoit Creek
(groundwater discharge zone) before they can migrate off-site.

Likewise, chlorinated alkenes detected in on-site surficial sand wells were not
detected in the corresponding on-site deep sand and gravel aquifer wells. This
further suggests that the clay-rich diamict, because of its thickness and low
permeability {See Section 3.7.2), acts as a barrier to contaminant migration from
the surficial sand to the deep sand and gravel aquifer.

The source and migration pathway for the VC (28 ug/L) and 1,2-DCE (11 vg/L)
detected at off-site deep sand and gravel well US3D is not clear. As indicated
above, VOCs were not detected in any other deep sand and gravel monitoring
wells or off-site surficial sand wells. Vinyl chloride (well W5S: 19 ug/L) and 1,2-
DCE (well US4S: 35 ug/L; well W6S: 2 ug/L) were detected on-site in the
surticial sand. However, based on the relatively low concentrations detected on-
site and the low hydraulic conductivity of the clay-rich diamict, it appears
unlikely that these VOCs would have migrated from the landfill, through the clay-
rich diamict, and into the deep sand and gravel aquifer. The potential exists that
another source (See Section 2.2.10 and Appendix G) may be contributing to
VQOCs present at Well US3D.

Technical Memorandum No. | October 1993 H.O.D. Landfill- Agtioch. Ilinois
Page 5-6




5.3.2 Surface Water.

Surface water in Sequoit Creek may potentially be contaminated by releases of
leachate either through seeps or from contaminated groundwater. Low
concentrations of ketones (2 ug/L of 4-methyl-2-pentanone and 3 ug/L of 2-
hexanone) were detected (but not confirmed in the field duplicate) downstream of
the landfill in sample S301, collected near the northwest corner of the old landtili.
Given the concentration of ketones in the leachate, 2-butanone and acetone.
detected at concentrations up to 19,000 ug/L. would more Itkely be present in
surface water contaminated by leachate than 4-methyl-2-pentanone and 2-
hexanone, which were tound at a range of 14 to 450 ug/L.

Ketones would be expected to undergo volatilization in water, as well as direct
photolysis; 4-methyl-2-pentanone degraded by direct photolysis produces
acetone. Kctones may also be susceptible to aerobic biodegradation.

5.3.3 Surface Soils _

Surtace soils were collected at locations with obvious signs of staining or leachate
seepage. Contaminants identified in these surface soils include aromatics,
phthalates, and PAHs. Aromatic compounds such as benzene, toluene, and xylene
undergo volatilization and biodegradation in soils. While very mobile in
groundwater, aromatics were not found in surface waters or groundwaters.

Phthalates. detected at high concentrations in the surface soil, are strongly
adsorbed to organic carbon (the surface soils have an average total organic carbon
concentration of 2.6 %), and thus will strongly resist leaching into the
groundwater. Biodegradation may occur in surface soils to a limited extent.
Phthalates were not detected in surface waters or ground waters.

PAHSs found in the surface soils are strongly adsorbed to soils and have low water
solubilities. and are not expected to leach in the water. Under aerobic conditions
PAHs will undergo biodegradation. PAHs were not detected in groundwater and
surface water samples.

5.3.4 Air (Landfill Gas) _
VOCs detected in the landfill gas include chlorinated alkanes. chlorinated alkenes.
ketones, aromatics and freons. The gas is currently burned off in passive flares.
destroying most of these compounds in the process. Most VOCs present in the
landfill gas that are released to the ambient aimosphere will be diluted with that
ambient air, and undergo decomposition through direct photolysis.
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CONCLUSIONS

The field investigation has generally provided sufficient information to prepare
the RI Report. However, some additional analysis and review of the existing
information will be necessary to complete the report. The following is a list of
analysis to be performed during the preparation of the RI report:

« The geotechnical data and physical descriptions of the cover and subsoils
will be further evaluated to confirm the integrity, geotechnical properties,
and quality of the existing cap. The information will also be used to
calculate infiltration rates through the existing cap.

* Additional rounds of water level measurements will be obtained to
confirm the results of the two rounds presented in this Technical
Memorandum.

» The results of the ecological characterization will be utilized in preparing
the risk assessment for the site.

* All of the geologic and hydrogeologic data collected to date will be used
to revise or expand the conceptual model of the site, as necessary.

+ All of the chemical and hydrogeologic data will be used to determine the
nature and extent of contamination and the fate and transport of
contaminants.

[chi 609 67]
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Acronvm
1,1-DCA
1,2-DCA
1,2-DCPA
1,2-DCE
1,1-DCE
AQC
ARAR
ASTM
ATV
BETX
BRA
CEC
CERCLA

CLP

CRQL

DCE

FS

HELP Model

I.D.

MCL

MSL
'NCP

NPL

O.D.

PCB

PID

PQL

PSER/TS

TABLE 1-1

LIST OF ACRONYMS AND ABBREVIATIONS
H.O.D. LANDFILL SITE RI

Description
1,1-dichloroethane

1,2-dichloroethane

1,2-dichloropropane

1,2-dichloroethene

I,1-dichloroethene -

Administrative Order by Consent

Applicable or Relevant and Appropriate Requirement
American Society of Testing Materials

All Terrain Vehicle

Benzene, Ethylbenzene, Toluene, and Xylene
Baseline Risk Assessment

Cation Exchange Capacity

Comprehensive Environmental Response.
Compensation and Liability Act

Contract Laboratory Program

Contract Required Quantitation Limit
1,2-dichloroethene

Feasibility Study

Hydrologic Evaluation of Landfill Performance Model
Inner Diameter

Maximum Contaminant Level

Mean Sea Level

National Contingency Plan

National Priorities List

Outer Diameter

Polychiorinated Biphenyls

Photoionization Detector

Practical Quantitation Limit

Preliminary Site Evaluation Report/Technical Scope



Acronvm

PVC
QA
QC

RI
SARA
SDWA
Site
SQL
SVOC
TAL
TCE
TCL
TDS
TIC
TOC
USCS
USDA
U.S. EPA
USGS
vOC
WEG

{CHI 609 90d]}
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Description

Polyvinyl Chlonde

Quality Assurance

Quality Control

Remedial Investigation

Superfund Amendments and Reauthorization Act
Safe Drinking Water Act

H.0.D. Landfill Site

Sample Quantitation Limit

Semivolatile Organic Compound

Target Analyte List

Trichloroethene

Target Compound List

Total Dissolved Solids

Tentatively Identified Compound

Total Organic Carbon

Unified Soil Classification System
United States Department of Agriculture
United States Environmental Protection Agency
United States Geological Survey
Volatile Organic Compound

Water Elevation Gauge



Table 3-1
Soil Testing Results
From
Landfill Cap Evaluation
H.O.D. Landfill RIFS

ATTERBURG MOISTURE = NATURAL [LABORATORY PROCTOR
TESTPIT LAYER DEPTH |GRAIN LIMITS CONTENT DENSITY PERMEABILITY ANALYSIS
NUMBER (inches) SIZE LL/PI (%) . {Ibsfcu ) {cm/sec) (lhs/cu fU

1 D 24.31 CL 34/15 : 18.7 : - - -

2 D 34-40 CL 31/14 14.3 - - -

3 D 26-36 CL 38121 - 194 - - -

4 E 41-53 CL 33/16 i7.6 . - - -

5 C 17-20 CL 33/16 ' 13.7 - - -

6 D 41-63 CL 38/19 . 18.2 - : - -

7 B ! 8-35 CL 46/25 238 i - - -

8 D- 56-82 CL 34116 14.8 ' - - -

Q E 20.84 CL ¢ 34417 ! 336 i - - -

10 D 30-62 CL 33/16 16.1 -- - - i
10-DUP D 30-62 CL 31/18 15.6 ‘ - ; - -

i - 18-32 - - -- 1155 - -

2 - 25-38 - - - 109.3 - -

3 - 26-40 - - 16.2 - - 9.03E-Q9 --

3 - 30-42 - - ne . - LO4E-08 -

3 - 15-30 - - - 117.7 - -

6 - 39-53 - - - 116.4 - -~

7 - 35-50 - - 186 - 3.70E-08 -

8 - 58-70 - - - 1283 - -

9 — 29-42 - - 145 —~ 3.00E-08 -

10 - 43-35 -~ - ~ 1219 - -

2 ~ 2131 - - = - - 126

3 -~ 24-34 - - - - , - 126

6 - 1626 - - - - - 130

10 - 2939 - - - - - 132

Note:-- denotes nol applicable

CCHicch/DAP
JA1001020 1 technicalgeotable\samples.xls
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Table 3-2
Boutwell Apparent
Vertical Conductivity
H.0.D. Landfill RI/FS

APPARENT
BOUTWELL VERTICAL
NUMBER CONDUCTIVITY

{cm/sec)

1.02E-05
3.67E-08
4.22E-08
7.77E-08
9.08E-07
5.97E-08
1.04E-07
8.86E-06
1.61E-05
4.69E-08

VRN o N & I VR R

)

CCH/eclvDAP
[:31001020 L technica/geotable/boutsum. xls
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TABLE 3-3

Landfill Cap Thickness and Vertical
Extent of Refuse
H.Q.D. Landfill RU/FS

Cap Th;cl_f,ness (fty

i

"40

*0
+.0
4.3
45
50
70
8.0
50

R S

. Refuse Thickness (ft)

| 180

——me ey

L

'
.
|
I
i

6.0
233
36.0

463
355
57.0

655
60 5
235
240
2.0
12,0
19.0

33
6.0
55
9.5
12.0
37 0+
120+
40.+
40.0+
30.0+
36.0+
430+
43.0+
130+
33.0+
350+
17 0+
40.0+
38.0+

Boring  Depth to Refuse (ft} M_Ml_ejﬂl_{f_l
LpPt 30 0 3.0
P2 - 10 400
LeP3y . 50 . 28, 5
Lea v 40 400
LPS | 5 SLO
LP6 | 45 400
L7 30 62,0
Lps L .05
LP9 : 8.0 e 685
LP[O 50 | 285
LP11 9.0 . 33.0
LPl" ) 45 | 2535
LP13 5.0 + ‘ 17.0
LPl4 RN 2~ R 133
TPL ] 6.3 ] -
™ 58 i ] o
™ 7.3 B -
L1 S = T -
™ S S ; R
TP6 i 54 . 1
"7 0 4 L T
TPS. X N R
TP? 70 l - -
TPIO o 32 ‘. B
BL . 0 L 83
B2 0 L ao T oo
B3 L a0 105
B 40 135
BS 50 _ 1. 110
-[GWF1 so 4
GWF2 50 E 47.0+
GWF3 50 ; 45.0+
GWF4 50 1 45.0+
GWES 5.0 ! 55.0+
GWFé 5.0 . 41.0+
GWF7 50 _; 48.0+
GWF3 50 t 48.0+
GWF9 50 o 48.0+
GWFIO 50 [ ] 38,04
GWF11 ' B 50 } 40.0+
GWF12 | 50 .. um
GWFB ; 5.0 e 45.0+
GWFI4 | 50 , ]| 43.0+
Notes: F ) i )
+ Base Material not cncountered Thlckncss of retuse m.ay be 2realer than actual Thickness represcntcd
.- Base Materiai not encountered in Test Pits.

DAP/jrs/PMS
J: 10010201 \geotable\refuse. xls



TABLE 3-4

Lanfill Gas Probe
Field Screening Results
June 4, 1993
H.O.D. Landfill RI/FS

Probe Number % Methane % Carbon Dioxide % Oxygen
LPO1 ' 0.0 04 . 20.5
LPO6 67.7 322 . 0.1
LPO7 65.4 44 _ 0.1
LPO3 : 67.6 31.1 _ 0.1
LP11 ! 72.3 26.7 0.1
GP3 - 0.0 0.0 ‘ 209
GP4A 0.0 00 208
GP5A ‘ 0.0 0.0 ‘ 20.9

DAPSrs/PMS
111001020 1\gectable\gasprob. xls



TABLE 3-5
Sequoit Creek Staff Gage and
Stand Pipe Water Levels
6/8/93-6/9/93
H.O.D. Landfili RI/FS

- I . . . . . B Sy [

. e e o . : e . I
Elevations Surveved by Gentile and Associates, Inc. for Warzvn on June 28 through July 1, 1993

| . 6/8/93-6/9/93 ‘ 8/18/93-8/19193
Staff Gauge (PSG) Ground TOC - _ .
and Stand Pipe (SC) Elevation .= Elevation  Total Groundwater Groundwater  Groundwater  Groundwater
Number ~ (ftms)  (ftms))  Depth(ft)  Level(ft) . Elevation(ft msl) Depthto Water  Elevation
PSG-1 . 76379  NA 177 7 7‘_ 762.16 . . 76226
SC-1A 7647 76684 . 149 - 423 76261 | 47 76214
SC-1B 7664 T6934 1 MW 622 1 76312 j 7.21 762.13
sC-1c 7629 0 76544 e e 325 762.19
SCD 76294 76639 - - e 4260 76213
PSG-1* o, 76379 NA . 298 76344 ‘ NA NA
SC-lAs 7647 76684 . ISl 41l 76273 . NA NA
SC-1Ba | 7664 76934 . 2395 516 . Te418 NA NA
SC-1C s o 1629 765\447 oo 18 o287 1 76287 NA NA
_SC lDé o, 76294 ' 766, 39_ 72 - B o S | 763 17 .. NA NA
PSG-2 1 76253« NA_ 1 21 613 1 28 761.24
_ §C 7A . 763 2 S 76509 ¢ e 291 “_; 792718 . 3.59 T61.3
SC-2B ' 766 S 7624 20 0 48 76244 | 35 ]’61174
sc-2C . 7632 7645t . 15 R L 762.37 2695 761.32
SC-2D - 7634 76477 15 24 762.37 2920 761.85
PSG-3% . 7628 . NA [ 23 76183
PSG-3 . .. 76286 NA 164 1 T6LET 1.35 761.09
5C-3B .o 7699 . TI06 1735 871 . 76189 9.19 7614
SC-3C . 7677 ' 71026 1708 . 831 | 761.95 8.75 76131
SC-3D o 7674 0 76977 1385 . *509 76468 Broken 769.77
PSG-+ . 16245  _ NA 14 76052 18 760.92
SC-dA L7688 0 77022 e 936 760.86 ‘ 10.35 759 .87
SC-4B - 7681 77044 30 _ 9.6 760.84 10.28 760.16
SC-4C | 7658 76853 . 2017 763 7609 8.31 760.22
SC-4D 7663 . 7696 24 868 76092 9,42 760.2
S101 762.3 76549 8.9 . 2.25 _ 763.24 2940 762 55
Surface Water Level at _ » ‘ ) 7 ‘
EPA Well Point (S101) 765.49 NA 245 763.04 Dry ® 763,49
Notes: o
= Measuremem Nm Collected i
NA Not Appllcable o o
*= Stand Pipe Broken
TO(. Top of Casmg , )
a= \deasuremems obtamed o693 ‘ :
b= Measurememsobtamedon 9/3/95 . o
_ f l)-—Water Levels LO“EC[Cd by Westem Gult CoaSt Laboralones o .

SIClsiDAPISIC
1: 1001020 1/geotable/Stndpipe.xls



TABLE 3-6
Sequoit Creek Flow Measurements
Sequoit Creek
H.O.D. Landfill RI/FS

June 8, 1993

PSG 1
Distance
Depth of Revolutions Elapsed Between  Areaof
VWater of Standard  Time Velocity' Stations  Station ©  Flow ™"
Station No. ft) Meter (sec.) (ft/sec.) {ft) (ft *) ([ /fsec,)
1 1.50 0 90 0 1 1.30 None
2 1.68 0 60 0 1 1.68 None
3 1.70 0 60 0 1 1.70 None
4 1.40 0 60 0 1 1.40 None
No flow, the water i$ tull (to the surtace) ot elodea weed.
PSG2
Distance
Depth of Revolutions Elapsed Between Area of
Water of Standard Time Velocity' Stations  Station™  Flow "
Station No.  (ft) Meter {(sec.) (ft/sec.) [{{3] ae ) (fC /see)
1 0.62 4 60 0.34 1 0.62 0214
2 0.93 3 60 0.31 1 0.93 0.288
3 1.11 0 60 0.00 1 1.11 None
4 1.38 13 60 0.67 1 1.38 0.925
5 1.70 8 60 0.49 1 1.70 0.833
6 1.03 9 60 0.53 1 - 1.03 0.546
7 1.11 3 60 0.31 1 1.1t 0344
8 1.00 0 60 0.00 1 1.00 None
3.15
Total discharge is 3.15 ft 7 /sec.
SGWijtsJ AHISIC Page 1

$10010201/geotable/strmgage.xls



TABLE 3-6
Sequoit Creek Flow Measurements
Sequoit Creek
H.0.D. Landfill RI/FS

PSG3 June 8, 1993
Distance
Depth of Revolutions Elapsed Between Area of
Water of Standard  Time Velocity " Stations  Station™  Flow
Station No. (ft) Meter (sec.) {ft/sec.) i) (ft: ) (ft’ Jsec)
1 0.23 0 60 0.00 1 0.23 None
2 0.41 0 60 0.00 1 041 None
3 0.51 13 60 0.67 I 0.51 0.343
4 1.30 13 60 0.67 1 1.30 0.371
5 1.48 16 60 0.78 1 1.48 1.15
6 1.51 13 60 0.67 1 1.51 1.01
7 1.45 19 60 0.89 I 1.45 1.29
8 1.21 12 60 0.64 1 1.21 0.774
9 1.21 3 60 0.31 1 1.21 0375
10 1.05 1 60 0.24 1 1.05 0.252
11 1.00 0 60 0.00 1 1.00 None
12 0.75 0 60 0.00 1 0.75 None
13 0.46 0 60 0.00 1 045 None
Total discharge is 6.065 ft . sec. 6.063
PSG4
Distance
Depth of Revolutions Elapsed Between Area of

Water of Standard  Time Velocity'” Stations  Station™ Flow "

Stati i 1] Meter (sec.) ({t/sec.} o (@) (e ssec.)
1 0.50 0 60 0.00 2 1.00 None
2 0.90 0 60 0.00 2 1.80 None
3 1.18 ] 60 0.00 2 2.36 None
4 1.28 0 60 0.00 2 2.56 None
5 1.80 1 60 0.24 2 3.60 0.364
6 2.20 7 60 0.45 2 440 1.98
7 1.530 9 60 0.53 2 3.00 1.39
3 1.01 3 60 0.31 2 202 0.63
g 0.78 (] 60 0.00 2 .56 None
10 0.68 0 60 0.00 2 1.36 None
[ I 0.45 0 60 0.00 2 0.90 None

“ Total Discharge is 5.064 ft ? 'sec. 5.064

Notes:

1. Velocity is reported in feet per second (fps) calculated for the Standard Gurley meter by:
Velocity = 2.18(r) + 0.2 where R = Revolutions/elapsed time (sec.)

2. Area of the station is reported in square feet (ft’ ) and calculated by multiplying the depth
of water by the distance between stationns.

3. Flow is reported in cubic feet per second (ft° /sec.) and calculated by multiplying velocity
by the area of the station.

4. Total discharge is the sum of the individual stations flow, reported in ft /sec.

5. The stations in the creek were located in the main channel of the creek. At locations PSGI and
PSG2 the channe! from the bank to bank was wider than what is given on this table, but water
was between 3 and 5 inches deep with cattails, thus flow measurement could not be made.

que 2
SGW/jrs/JAH/SIC Page 2
J:10010201/geotable/stringage.xls



TABLE 3-7
Geotechnical Laboratory Results
H.0.D. Landfill RI/FS

Verticai . !
Laboratory Total Estimated :
Sample Depth " ; a ) 4, Permeability 5, Organlc  Total
Point Location ift) GSA P00 L.L. Pl (CM/S) USCs Carhon Porosity
SUO1 Surface 0 206/20.0/28.1/312 393 28 11 - ¢ - -
SUO2  Surface S0l 49424AT0N5T . 827 0 33 1 g - CL - -
SUO3  Surface S0l 30nssM32083 0 715 SE o0 31 - ~MH - -
SUOY  Sutface 0l 05605232158 39 %6 10 - . os¢ - -
SUO4(D) iSurface oL 1620006062 . 368 25 19 = o - -
SU03 “Surface e '66/33.1/335268 . 603 . 29 ; 12 - cL - -
W2D  Pofile 7.9 '0.6/108/54.833.8 LY R § S, o - -
\ED) Profile 2931 - = 7 - - 15008 i CL 35 533
Ww2D Profile 323 3323333611 944 38 1 19 - oL - -
W2D (D) Profile 132-34 [0.1207334/685 ;979 | 38 | 19 - booer. - -
w2D ‘Screen interval 86-88 1537805116 67 - = - N SP-S\I . - -
WiSB  Profile T L1820 I04B0T/SIA2 88 0 - 1 - - L SWSM - -
w3D B P_rp[_x_le ] 3@38 - LLm = - 1.70E-08 (.L Cooled 02
W3D  iProfile 3840 504407288022 - Sl i 18 i 6 - CLML . - -
w5S Screen interval 7-9 118.541.473068.5 - 401 ! 63 | NP . - SosM s -
WSS ‘Screeninterval  |12-14. Lz; 8/70.6/16.5/41 1 206 1 - [~ - Y -
wes _lsommmenal D1 ooMremsns e o 1o o oswo Lo
W6S(D)  Screeninterval  '12-14 00:’869/10 ST R T AU - - s - -
WiD  Profile 24 VOM05/SSIA40 1 895 - 33 0 14 R R
W7D(D)  Profile 24 09M69NINS 22 ¢ -, s - -
W7D Profile 2729 (1441528617 945 1 34 |15 - R o R -
Bl Protile 2527 3056284324 T - ;. SPSM . - -
B Proilie 3133 0IASA3INTT . 94 31 [ 5 - L - -
B2A  Pofile 117 83395720 0 78 - T - - L SPSM - -
B2 Profile 3436 79211785425 78 23 i oo - . CL - -
B3 Profile 2224 18.2/67610.547 . 142 | P - osM - -
B3 “Proile 4648 0TIIs33M48 B8 27 1z - S S -
B+ Profile 3730 23/70.423.57338 - P - osM - - -
B4D)  Proiile 37390 LUETIRTERS o312 - - - S -
B4 Protile 149 0971752390 914 . 25 i - cL - -
B3 Profile 2931 17.3/69.5/8.8/4.4 132 - - - SM - -
B3 Profile 4347 0.4/8.5/42.4/48.7 T T T - L - |
Footnotes: B |
11 GSA = Grain Size Analysis. % by weight. e.g.. i
_gravelsund/silticlav _gravelsandfsilt&clav ;
5043120732 o 26/68/6
(2) P200 = Percent finer than No 200 sieve, (silt :md clay)
(31Ll= quuld Limit{%)

+1 PTPlasticity lndet

(5)USCS = Umﬁed Sail Clamﬁuauon Sysrem
161 = To(:;lﬁQVrgach Carben loss on ignition %
{D = Duplicale

Notes:

l. -- = Not tested

2. * = Shelby Tube Sample

DAP/rs/PMS
J:1001020 hgeotabletgeolab.xls



Table 3-8

Summary of Soil Testing Results

9,0x10-9 (8.5x10-%) GeoServices
1.6x10-8 (15x10'§r) GeoServices
) GeoServices .

AL387 105 (Clay Sample)
AL338 6.5 {Clay Sample)
AL38Y 8.5 (Silty Sand)

H.O.D. Landfill RI/ FS
Hydraulic
Sample Results of Grain Size Analysis Conductivity Source of

Borng No.  Depth (ft) Gravel (%) Sand {%) Silt (%) ay (% {cm/fsec) Test Results
LB1 13.0t0 175 46 4 - 10 - 6.3x1073" PELA

LBI 20510 25 33 57 - 10 - 4.7x10-4* PELA

LB1 26.5 to 31 52 36 - 12 . 1.4x10-3¢ PELA

LB2 70t085 38 54 - 8 - 5.0x10-30= PELA

LB2 1151013 &7 27 - 6 - 4.1x10r 2 PELA

LB3 55107 13 54 - 3 - 1.2x10-2=+ PELA

LB4 100t0 115 0 92 - 8 - 5.0x10-3= PELA
LB4A 22010235 57 41 . 2 - 4.4x10720 PELA
LB4A 3851040 68 27 - 5 - 7ax10r2e* PELA
LB4A 400t0 445 75 20 - ] - 14x10-1** PELA
LB4A 54.5 to 56.5 43 54 - 3 - 1.4x10-2=* PELA

LB9 850115 g n - 19 - 735104 PELA

LB9 1451019 57 as - 8 - 15x10-2¢ PELA

LB9 25.0to 29.5 52 a8 - 10 - 3.8x10-4 PELA

LB9 49.0t0 535 50 40 - 10 - 5.9x10-3*+ PELA

LB10 10.0 10 145 49 46 - 5 - 1.3x10-3« PELA
LB10 16.010 205 45 52 - 3 - 1.3x10°3* PELA
LB10 4301046 47 44 - 9 . 2.0x10°2++ PELA
LB10 46.0 10 508 84 13 . 3 . 7.7x10- 10 PELA

LB2 185 to 19.5 0 27 32 . 41 1.1x10-8*" PELA

LB2 4510655 0 47 18 - as 1.1x10-8e* PELA

LB3 16010175 1 25 45 - 29 1.2¢1080 PELA
LB4A 685 to 70.5 2 43 3l . 2% 1.0x10-8+ PELA
GW3I 49510 51 0 10 b7} - 66 - U.S. EPA ESI
GW3l 55010575 0 23 24 - 53 2.3x108 U.S. EPA ESI
GW2D 19.0 to 21.5 0 3R 44 . 18 1.2x10-6 U.S. EPA ESI
LB10+ 5651058 - - - - - 1.1x10-6* PELA
LB10+ 58.0 10 595 - - - - - 2.9x10-6+ PELA
LB10+ 595 1o 61 . - - . - 6.9x10°7* PELA

LB2 18510 19.5 . - . . . 1.1x108+ PELA

LB2 4510655 . - . . - 11xi03- PELA

LB3 160t0175 - . . . - 1.2x10-8+ PELA
LB4A 685 10 70.5 . - . - - 1.0x10-8* PELA
AL384 6.0 (Clay Sample) - - - - - 3.4x10-8 (2.7x108) GeoServices
AL38S 50 (Clay Sample) - - - - . 1.9x10°8 (1.6x20°8) GeoServices
AL386 55 (Clay Sample) 0 <1 - - 8.4x108 (6.0x10-8) GeoServices

8

2.1x10°7 (13x10

Notes:

PELA = P.E. LaMoreaux and Associates

ESI = Expanded Site [nspection Report

Where samples have been analyzed for siit plus clay the grain size percentage is shown in the column between silt and clay.

+ Sampies were disturbed and dehydrated. Resuits may oot be representative.

* Constant Head Permeability

** Permeability estimated by Hazen's Formula

GeoServices =GeoServices, Boynton Beach, Florida. GeoServices results presented in pareatheses were obtained using Site leachate
as the permeant. Other GeoServices results were obtained using groundwater obtained from the Site.

(chi 609 90b]



TABLE 349

Monitoring Well Water Levels

6/8/93-6/9/93
H.0.D. Landfill RI/FS
L ] 6/8/93 - 6/9/93 9/18/91-9/19/93
: Well Ground TOIC - Total Groundwater  Groundwater  Depth to Water  Groundwater ‘
Number  Elevation ft msh Elcvation (ft msly  Depth (ft) Level (ft) Elevation ift ms] } from TOIC Elevation |
USis 46 § 763,69 - 43 76419 6.18 s
-8 7669 765.88 ww 3324 73064 3395 AL
~LS2D 7682 770,73 waw 4124 729,40 219 T8 |
-US3s 7671 770.48 25.4 239 76219 2.58 I
-US3I 76701 76993 59.95 36.00_ 733.93 378 73213 :
+USID 767.1 76972 ww 1131 728.41 057 s
*US4S 7701 77367 Wy 11.82 761.85 12.25 ThidY
SUS4D 770.5 7727 ww 44.09 : 728.61 134 T3
~US5D 765.1 76173 ww 37.55 730.18 .12 060 |
US6S 767.1 7699 e 745 76245 8.2 IR
-Ussl 767.6 770.21 - 32.15 : 733.06 2389 74631
+US6D 767.1 770,09 ww o 1039 7297 )45 064 |
UsTS 764.4 767.99 35.95 5.54 762.45 6.95 76104
Giis 7676 770.12 _— 474 765.38 Dry Dey
-GIID 767.1 769.99 - 9.31 760.68 998 60,01
*G14S 767.6 770.34 ‘ww 5.19 _ 765.15 Dry Dry
GUD 1677 76975 . ww 6.65 183 8.12 Tn1.63
“Glo2 771.1 773.53 ww 1169 = 761.84 12.36 76097
*RI03 7676 769.55 i AN 762.45 8.11 76144
«WIRD 7707 773.04 88.33 23 730.74 4m 73002
WasA 763 8 766.54 15.64 424 762.3 19 75164
“W3SB 763.7 766.81 29.57 4.55 762.26 5.15 T61.66
+W3D 763.73 76593 8 36.66 729.27 3563 |
“Wis 7675 76997 is 785 762.12 §.34 761.53
WS 7711 773.49 15.36 1165 761.84 1207 7642
“W6S 764.9 767.41 15 495 762.46 5.88 76153
W7D 780.2 782.87 99.72 52.06 730.81 529 72997 g
+PZ1 786.2 788.48 [19.5 56.84 73164 57.8 Tines
P22 763 766.44 74.26 29.42 737.02 294 (EIETEV
“PZil 763.9 766.41 27.2% 347 762.94 $323 | —
720 764.1 768.04 19.86 489 763.15 596 TR, i
ALY 763.4 766.27 3075 34 761.87 445 A i
Pz 7633 766.49 30,38 342 63,07 453 e
“PLSU 769.3 778 3459 7.49 763.62 §.79 Thri
“Pol] 763.6 766.54 541 38 763.04 163 Talwl
Notes: |
* = Near surface/surticial sand well/water table well - «- = Measurement not collected
+ = Deep sand and gravel aquifer well NA =E.\'oc appticable
- = Intermediate diarmuct well TOIC = Top of Inner Casing
PZ| = P.E. Lamoreaux weils (1) = Water levels collected by Wester Gulf Coast Laborateries. lue.
W65 = Warzyn wells iA) = Elevations recorded on September 3, 1993 )
GLISR 103 = TSC Wells
USIS = USEPA Wells
(ft msl} = "Feet above mean sea level ) !
WW = Total depth measurments were not collected duc
Well Wizard mstalled in well
Elevanions surveved by Gentle and Associates. Inc. for Warzyn on June 2% through fuly 1, 1993,

SIC/jts/DAPISIC
J:10G10201/gectable/mwwirivlxls
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Weil No.
W3SB
W4S
WSS
W3D
US1S
Us3s
US45
US6S
US3D
US6b

Notes:

Table 3-10

In Situ Hydraulic Conductivity Results

Saturated
Test Interval
(feet msl)
762 - 734.1
761.9-752.5
762.3-17556
»*
764.7 - 734.1
761.8 - 744.6
762.3- 7482
762.7-7254

*

*

H.O.D. Landfill RI/FS

Saturated
Thickness
[({1]
2759
94
6.7
43
10.6
17.2
14.1
373
45
45

Hydraulic
Conductivity
cm/sec
7.10E-02
9.40E-03
2.50E-03
3.80E-04
3.60E-04
2.10E-02
2.30E-02
5.20E-02
1.60E-04
1.10E-03

* - Estimated saturated thickness for confined aquifer of 45 feet
based upon regional data
{msl) = feet above mean sea levei
(cm/sec) = centimeters per second
(USCS) = Unified Soit Classification System

PMS{jes/SIC
110010201 /gectabie/hodsiug. xls

Material
Screened
(USCSY
SP
SP-GGP
SM
SP
M
GW-GM
SW-GW
SP-GW
Sp
Sp



Well No.

US18
US1D
USsz2D
US3s
US3I
US3D
Us4s
US4D
USsD
Us6s
ussl
US6D
US7s

Unit Monitored
By Well

Surficial Sand

Deep Sand & Gravel
Deep Sand & Gravel
Surficial Sand

Clay Diamict

Deep Sand & Gravel
Surficial Sand

Deep Sand & Gravel
Deep Sand & Gravel
Surficial Sand

Clay Diamict

Deep Sand & Gravel
Clay Diamict

{Sand Lense)

Table 3-11

Summary of Slug Test Analysis
Conducted by U.S, EPA FIT*
H.O.D. Landfill RI/FS

Conductivity (cm/sec) Transmissivity (T) (ft2/sec) Conductivity (K) (cm/sec)

{Hvorselv Method) {Cooper Method)
4.8x10-4 -
- -- 3.0x10-4
- 2.1x10°3
2.7x10°2 -
7.9x10-6 -
- 5.2x10-4
5.3x10-2 -
- 1.8x10-4
- 2.6x10-3
7.0x10-2 -
8.0x10-6 -
- 3.0x104
5.8x10-3 -

* Source: Ecology and Environment, Inc. 1989,

[chi 609 90b]

T=Kh: b = 6 length

1.8x10-3
1.3x10°2



TABLE 3-12
Vertical Gradient Calculations
H.O.D. Landfill RVES

Position of 6/8 - 6/9/93 Vertical
Head Measurement Elevation Water Level Gradient

Well (ft MSL) Elevation (ft MSL) {ft/fe)
GliD 746.80 760.68

USSD - 684.85 730.18 049
US48 743.00 761.85

US4D 700.00 729.00 0.73
W3iSB i 734.16 ‘ 762.26

w3iD 693.23 729.27 0.31
PZ2U 747.60 763.15

US2D : 684.20 . 730.74 0.51
W3SA : 762.30 ' 762.30

W3SB ; 734.13 ! 762.26 0.0014*
US3S§ : 726.50 762.09

US3D i 697.20 ' 728.41 . 1.15
US6S : 715.10 762.45 i

US6D : 694.30 : 729.70 i 1.57
US1S i : 753.40 : 764.39 !

UsS1D : 691.50 730.64 0.55
USeS ! 718.10 ' 762.45

USssl : : 70610 738.06 203
+US6l i 706.10 738.06

USeD o 694.30 - 729.70 0.71
US3S : 726.50 762.09

+US31 ‘ 711.10 733.93 1.83
+US31 ‘ 711.10 ‘ 733,93

US3iD 697.20 . 72841 0.40

Notes:

l Position of Head Measurement is the elevation of the top of ¢lay and the bottom of clay.

2. Positive vertical gradients indicate downward flow, negative indicate upward flow.

3. Vertical Gradient = !
' Shaliow Well Head Elevation - Deep Well Head Elevation '

i Absolute Value of Difference between the clevation of 1op clay diamict and bottom clay diamict+

3. (ft MSL) = Feet above Mean Sea Level : i

* = Gradient Calculated in Surficial Sand using water table and center of screen elevauons
+ = Center of screen elevation used for intermediate wells. :

SIC/rs/DAP i

110010201 /geotable/verigrad.xls




TABLE 3-13
L.eachate Elevations
1L.O.D. Landfil} RI/FS

79061 |

l()IL

Meva(mn

77846 |

_ 1818
780.89
79084

~ 800.13

79132
79139

79635

789.16

78392

!’Tem;neter Ground l)eplulnnu Landfill Base|
_ Number | Elevation | Base of Refuse| Elevation
w1l | 7156 23.0 1526
LR 785.5 400 1455
LP3 778.1 285 7496
LP4 7889 400 | 1489 |
LPS 796.6 510 | 7456
LPs | 7946 00 | 146 |
L7 | 7947 620 | m271
1.Pg 7935 705 ) 130
e 7858 _68.5 niyo
e 7811 g 285 | 7826
_Ipu | 7878 | 330 1548
e 7826 | 285 | DTL
LPI13 7790 170 | 7620
_Lea 7817 235 82
Notes B -

ﬁepths and feachate héuu;f .u:.mfu.l '

Llevations in feet mean sea level

TOIC = Top of lnnu' Cdsing [

7 lolal l’wl
l)epth
2031 |

l)e’plh ,t,",- ;
Leachate

1271 |

2093

15 56

N l‘J47

5/4/93
I wachate
I lc_:_\ ation

765.75

76687 |
76533
71137

759 83

774.64
71523
762.4

1007

76429
76622

16407

I"lt,v.mons survcyed by Gentile ; .md Asmu m.s Im. for W.nr/yn on Jum, 28 lhl‘ou“!l July 1, l‘)‘)"'!

{a) = F.cachate levels collected by Weston Gull Coast Laboraorics, Inc.

| 7116067

76467

Leachate Head
Ahove Base
13.2
214
15.7
225
142
221
419
20973
- 451
l') b
153
12
42
59

Depth to

lLeachate

11.3
181
[4]
1772
389
17.68
78
424
26.1
17.85
198
(DR
15.13
V.43

B/20/93 (a)
Leachate
Flevation

To7.19

760 8
76-0 89
77342
76123

779.64

774 .59

75395

763 06
C 6607

TH 81

764 95

766.55

764 84

E Leachate Head
Above Base
146
243
153
242
15.6
250
414
RER1
45.%
13.5
16.0)

79
4.5
6.0

SIChsMAPR

1 H001020 Hgeotable/lechbead xbs

o
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TABLE 4-1
Regulatory Limits
H.0.D. Landfill RIFS

ANALYSIS US.EPA Minois Groundwater Quality Standards
TYPE PARAMETER Units MCL Class 1 Class 11

VX 1.1-Dichlorcethane ug/L

VO L.1-Dichlercethens ug/L v 7 33

VOC 1.2-Dichlercethane ug/l 3 3 23

NS I.2-Dichiorocthene (cis/trans) ug/lL 70/100 T0/100 2004300
VOC 1.2-Dichloropropane ug/L 3 3 23

VOC 2-Butancne ug/L =
VOO 2-Hexanone ug/L |
vOC 4-Methyl-2-pentanone ug/L .

VO Acetone ug/L .
VOC Benzene ug/L 3 3 23

YVOC Carbon disulfide ug/L

VOoC Chlorobenzene ug/L 100 100 300
VOC Chlorcethane ug/L ]
YOC Chloromethane ug/L ]
VocC Ethyibenzene ug/L 700 700 1000

VOC Methylene chloride ug/L 5

voC “Tewrachioroethene ug/L 5 3 23

vOC ‘Toluene ug/L 1000 1000 2500

Vo< Trichlorocthene ug/l. 5 5 25

VOC -Vinyl chloride . ug/l 2 2 10

vOC “Xylenes (total) ug/L 10000 10000 19000
YOC-Gas 1.2.3-Trimethylbenzene mg/m3

VO -Gas 1.3.5-Trimethylbenzene mg/m3

VOC-Gas  4-Ethyl toluene mg/m3

VOC-Gas . Trichlorofluoromethane (Freon 11) mg/m3

VOC-Gas Dichlorotetratluoroethane (Freon 114) mg/m3

VOC-Gas  "Dichlorodifiuoromethane (Freon 12) mg/m3

svoc 1.4-Dichlorobenzene ug/L 75 73 375 ~
sSvac 2.4-Dimethylphenol ug/L

SVOC 2-Methylnaphthalene ug/l B
SVOC 2-Methylphenol ug/l. L
SYOC 4-Chloroaniline ug/L B
SVOC 4-Methylphenol up/L B
SVoC Avenaphthene ug/L .
Svuc Anthracene ug/l _
SVOC Benzo(b)flucranthene ug/L N2 .
SVOC -bis{ 2-ethylhexyl)phthalate ug/L 4 _
SVOC Carbazole ug/L ]
SVoC -Dibenzofuran ug/L

SVOC ' Diethyliphthalate ug/l

SVOC . Fluoranthene ug/L

SVOC -Fluorene ug/L

SVOC ‘Naphthalene ug/L

svVoC :Phenanthrene ug/l

sSVOC “Phenel ug/L 100 100

SVOC Pyrene ug/L

PPCB 4.4-DDD ug/L

PPCB 1 Aroclor-1016 ug/L 0.3 3 2.3

Page |



TABLE 4-1

Regulatory Limits
H.O.D. Landfill RU/FS

ANALYSIS U.S.EPA flinois Groundwater Quality Standards
TYPE PARAMETER Units MCL Class [ Class 1

AMTL Aluminum ug/L 30 )
MTL Arsenic ug/L 50 30 _oann
MTL Barium ug/L 2000 2600 2600

MTL Bervllium ug/L 1

MTL Cadmium ug/l. s 3 30

MTL Caleium ug/L

MIL Chromium. total ug/L. 100 100 1000

MTL Cohalt ug/L 1000 1000

MTL Copper ug/L 1000 630 ~31) -
MTL Cyanide, Total ug/L 200 200 Ut -
MTL Iron ug/L 300 5000 Csoe
MTL Lead ug/L 15 1.5 100

MTL Magnesium ug/L

MTL Manganese ug/L 30 150 10000

MTL Mercury ug/L 2 2 0

MTL ‘Nickel ug/L 100 100 000
MTL Potassium ug/L

MTL -Silver ug/L 100 50

MTL ‘Sodium ug/L . |
MTL Thallium ug/L 2

MTL Vanadium ug/l

MTL Zine ug/L 5000 5000 10600

IND "Alkalinity. Total mg/l. o
IND Chloride mg/L 250 200 20

IND Hardness mg/l

IND Nitrate Nitrogen mg/L 10 10 100

IND Nitrite Nitrogen me/L. o
IND -Nitrogen. Ammonia mg/L

IND Sulfate mg/L 250 100 O
IND Total Dissolved Sotids mg/L 500 1200 N
IND Total Organic Carbon mg/L

IND pH sl 6.5-9.0 5590

Tiiis table presents requlatory limits for all compounds detected at the HOD Landtill RYFS Site.

1
2
3

. MCL is the U.S.EPA Maximum Contaminant Level.
. Class s the Hlinvis EPA Groundwater Quality Standard tfor Potable Resource Groundwaters.
. Class O is the [llinois EPA Groundwater Quality Standard for Potable Resource Groundwaters.

Revised 8/27/93

[J:10010201 :REGLIST XLS/JAH/]
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TABLE &2

Summary Of Background ¥etals and [ndicator Results

H.0.D. Landfliil RVES
Samples Standard
Parameter Analvzed Minimum Maxdmum Average Deviation Background Value- Databuse Description

Dissodved Metzls I :

Arsenc 23 05 R 209 2H. YT ARSENIC, DISSCLVED LG/L AS AS:

Barwm kD) B 25 100 08 s C 118 [BARILM. DISSOLYEDIUGL AS BA:

Cadmzun 22 RE L 45 033 252 .CAD.\I_]L_&_l: DISSOLVED UGL AS CD-

Calewm s 3000 76.000 352 “45 13,480 , 62,205 CALCILM, DISSOLVEDIUGE AS Ca-

Copper Ppd] Ls n ' LE 0 1415 ue icc:epe_:n._mssow_go.L_G._L._xs Ty

Lead 2 s "6 ] gcs o 6381 20359 LEAD. DISSOLVED(UGL A3 PB)

Magnesium &6 2360 7< 700 ‘ 9. 846 12115 4 om PMACGNESIUM. DISSOLVED  LC/L AS MG,

Mercury 2 \ 28 1‘0 R 1 Bt 2 &3 118  IMERCURY. DlsdeVED_.L:r:L AS HG

Nickel 23 ; 10 100 XA i 206 5010 INICKEL DISSOLVED:UGL aS NI

Poussiam Mo 9101 . SM00] e 50 2923 [POTASSILM,DISSOLVED LCLASK-

Selemumn ! n . 0 50 o Leoy 0. 5’7: oo 0 74 i SELENIUM. DISSOLVED - UtirL AS SE!

Sifver - : 2 S_Q_‘ 1o 284 R I Esn_vt-_k. DISSOLVED (LGiL A5 AG)

Sodium ! 58 9.000 . 3,000 | 4, *05 : 13411 60.028 SODlL\{_DISS_(}LVED(LGrL AS NAY

Zinc 23 ! 100, 22 14.3 439 102 ZINC. DISSOLVED UG/ AS ZN:

Total Metals ; i :

Alumioum ' 18 ) 28 1364 | 9. 4 315.61 731 JALUMINUM.TOTAL 'UGL AS AL

Assenx 18 ! 1 2 6" i 595 135 |ARSENIC, TOTAL (UG/L AS 43}

Barium R om0 eis i 128 IBARRM TOTAL UGLASBA)

Berylljum [ f oo, 0451 ou: 7092 |BERYLLIUM. TOTAL (UG/L A5 BE)

Boroa 18 419 ! 319 | seody 451 |BORON.TOTAL(LGAL AS B _ N
\-/Q;_._ﬁ_m__u:_n o 18 RE ISO' _ 0 150 |CADMIUM. TOTAL(UGL AS €D

Cakim 1 18 _I B 73,000 38889 112451 61380 (CALCIUM, FOTAL{UGL AS CA1

Chromium . w 769' Y 506 [CHROMIUM.TOTAL{UGL AS CR)

Copat 0 ¥ T T 2 Ld6] 0 7T 589 COBALTTOTALAOLASCO)

Copper b8 1. 900 "861 183 | 593 |COPPER. TOTAL(UGILASCU)

ron P58 . sy ) { _ 158] 697 [IRON.TOTALIUGL ASFE)

Lead 17 1 8.00 o287 143, 583 |LEAD,TOTAL\UGL AS PB) B

Magnesium ! 18 i 41000 31036 ! 5.047 ¢ IL149 -\-mr\-ssml. TOTAL{LGL AS MGY

Mangnese . 28 6, 9%, 304 15.6_ _ MANGANESE. TOTAL iUGAL AS MY,

Mercury T 006! omal  om’ 0,07 |MERCURY, TOTAL (UG.L AS HO)

Nicket ' I8 14.00 ! 37l 2. 89 9.50  [NICKEL,TOTAL LGA AS NIy

Potassium 18 2400 ' . 677 _ 266 POTASSILM,’ TOTALILGL ASK;

Selemium s 250 064: 038" (160 _[SELENIUM. TOTALIUGIL AS SE)

Silver 13 500 1.891 . 099 3 88 ISILVER. TOTAL (LGL AS AG:

Sedium R . S 62.0901_ 43, 500= ______ 8'."6?’ 61033 {SODIUM,TOTALILGAL ASNA)

Vanadium 1 i seel 235 0.53 341 [VANADILM. TOTAL(LGA AS V°

Zic ‘ 13 50 26,39 | 589 382 ZINC.TOTAL(LGL AS ZN)

Indicators ! ‘ i [,

Alkalinsty I T o4y 254 T 5085 296 ALKALINITY. TITRATION TO PH4 5 1ML 43 CACTS .

“hioride diss. _58 T oL 7 39 169 6,37  iCHLORIDE. DISSOLVED . MG/L AS CL)

Syrlardaess 58 : 18 260 is'a : 68.88 337 [HARDNESS, TOTAL (MGL AS CACCH

Ammonss 13 0.30 5. on 101 174 ONTTROGEN, AMMONIA TOTAL (MGL AS N

Nivate. dis. 2 0.05 1 047 0 103 'NITROGEN. NITRATE. DISSCLVED MGL aS N

NO2-NO? ¥ 0.05 1 0.08 . 017, 042 NITROGEN. NITRITE PLUS N[TRATE, TOTAL MU L s &

Sulfate dss 7 2 72 52.0 6.7 855 ISULFATE DISSOLVED :MG.L AS SO4.

Thus table presents 3 statistical summary of metal and indicator results trom the [llinois State Waler Survev's Ground-water Quality Database for Township 46N, Rangs 1CE. fuli Secucas., v

Lake Counry, flimwis. 98 samples (out of a total of 1917 samples for the county} were found 1n the database for the specified location. The number of sampies spevifted v the Lumber i

for that parameter. Minimum, maximum. and average values are presented. Backeground values, used for comparison to H.O.D. site sample results. are calculated as the averagy plus (e biges

the standard deviation of alt reported detects. I a constituent was not reponed at the Jetecuon iumit, a value squal to one-haif the reported detection limat was used for StLLbcai anai sis

menals results are compared to private well sample data (which are ot filtered), and dissolved metals resulls are compared to groundwater monitering well data (which are tiltersd:.

Revision: 3/31/93

[ehux:/mnuchuvjobs/10010201/techmicaback ground/bkd-Thl xIs/JAH/ AJS |
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TABLE 4-3

Summary of Land(ill Gas Results
H.O.D. Landfill RI/FS

2 2 z Z : z
* £ = 2 £ = =
2 2 2 2 A = =
Compound = = = = = = =
1.1-Dichloroethane 99 370 2.200 L
1.1-Dichlorvetiene 97 | 1.900 _
1.2,4-Trunethylbenzens 181 3.300 : 8.900 16.000 i e
1.3.5-Trimethylbenzene 181 1.500 : 3.800 6.700
2-Butanone 12 62 5.300 15.060 63.000 1.300 |
4-Ethv] toluene 120 2.600 6.400 13,000 2,400
Acetone 58 1.700 ¢ 9.300 36.000 -
Benzene 78 32 1.300 ¢ 3.100 2,100 2010 2.200
Carbon disulfide 76 2,100
Chlorobenzene 113 : 830 | 21.000
Chivroethane 65 120 2.200
Chloremethane 50 _ 1.500
cis-1.2-Dichlorcethene 97 25 1.500 | 21.000 5.600 2.500 L1.000
Ethylbenzene 106 150 16.000 | 48.000 42.000 14,000 15.000
Trichlorefluoromethane (Freon 11) 137 +40 67.000 , 1.500 . 1.700 18.000
Dichlorotetrafluoroethane (Freon 114} 171 50,000 5.300 ! 6000  6.600
Dichlorodiflucromethane (Freon 12) 121 311.000 - 2.900 10.000 43.000 +3.000
Methylene chloride 83 330 760 ° 1.800
Tewachloroethene 166 1.800 : 30.000 5.600 18.000 19.000
[ Toluene R 2.000 41,000 250.000 200.000 73.000 79.000
Trichioroethene 131 360 13.000 3,200 5.100 5400 |
Vinyl chloride 63 13.000 - 54.000 33.000 2.800 2400
Xvlenes {total} 106 220 33000 ° 130,000 100.000 30,000 31000

Notes:

1. This table presents all volatile compounds detected in landfill gas samples collected from landfifl gas wells at HOD Landriil

during May 1993,

2. Sample results are in mg/m3. These values were calculated from units of parts per billion. volume to volume (ppbivivi). s
reported in the complete analytical reports included in the Appendices. The conversion to mg/m3 is as follows:

Oracle/jab/JAH/AJS

[chux.10010201 technica.chemisury)gas.xis

version 8/26/93

mg/m3 = (ppb(v/v) * MW)/ 24.45 Liters



TABLE 44
Summary of Yulatile Organics Compounds in Grmundwater, Surface Yater, Surface Soils. and Eeachate
H.O. . Landfill RVFS

Adenes ' Aikdnes ! Ketones i AraTARGS

thliboroctiiene (tolal)

x
4-Moethoyl-2 pentanone

1,2-Dishloatprapane

1.1 - Dachdursethone
1,2 P hloroctiane

2 Bulaane
2-1hexanoue
Benzene
Ly Ibensene
Iolucue

Acelone

SAMPLE [D

1

Stletbry bene Clalenude

MCL
Clais 1
Clags ([

~
~
v
o
Y
Y
'

=

-

2

s

R IR AR

i
[T
-

.

v I8 pen

[
ry
s
o
=
n
7y

]
]

.

Groundwaier - Shallo
HD- WG 15010
HD-CWILS 531
HD-GW1'561-01
HD-GW1'S065.01
HD-OW50965-91
HD-GWWESs-al
HD-GWW 65-91

s

Groundwater - Shallow Off-Site ) . : ’ ) '
HD-GWUSC1S-0] : ‘ i
HD-GW 53101 L

HD-GWU§03S-01 :

i
2l . . e el . . -
|

HD-GWW035B-31 i

HD.OWWO4SaL | ; - i

Groundwater - Deep On-Site - ; i i .
WogwoipoL | L L -
HD-GWL S D0 . . B
HD-GWUSD-91

.
|
|

. i

o ! . . oo ; . B ' . L

o Courane ISR SRR S S A
: : : ! | !

|

1

i

1

HD-GWL S6D-01
HD-GWWoTD-01

HD-GWLSG1:01_
HD.GWUSO3D01

|
|

Groundwaler - Deep Ofl-Site ' ' ! : | ' ; )
}

HD-GWWiID-1 '

Sueface Waler |
HD-SWS§ig1i i
HD-5W 52151 :
HD-SWS 35100 r
HD-SWS351-21 1

Surface Sails i : i \
HD-SLC 1 i . . i . L N 140 T A g,
HD-SE 172 e i
HD.S10 b i : )
HD-5170-0: : . . . : . ! ‘ .
HDLS UL ' ] ‘ . ‘ ) i ‘ ) ] ) 15
HD-§1755. i

Ly
. A

Leuchute : : H . ' | i
HD-LCLPAT WL P S a8 A VR T S FUT R B e
HD-LOLPL-91 ; . : ! P L on ) 457 o
HD-LCLM 6.3 ; 160 SIn0 N i
HD-LCLP 801 A AP i ey i g
HO-LCLPLI-O1 Cosemm. . LEW 130 70 LTS
HD-LCMHE-)1

...
53

4 43 . ) ol oz o1 Al
Nows,

1. This 1able presents volanle orgame compounds deiecied in samples collecied dunng May 1993

2 Reawlls e 1 pagts Pet Milion (ppb,. upl for groundwaiess, surface wawers, and isschaus, and ug by Tor aols.

3. MCLs are 17§, EPA Matimum Contaminant Limiw for groundwaier. Clase [ and Class Bl are IEPA <Iroondwater Quality S1andards. Clasa | (potable resource 1 applies Lo Jeep sand and Jran ei aquaer
groundwaier, Class [7 (yeneral resouroe’ applies w sunicial sand and clay diamict groundwater. Buodded yroundwater resulis cxoeed the MCL.

Ravised O 1403
[F 10019201 ¥OC XLS/JaH:AI8)



TABLE 4-5
SUMMARY OF HISTORICAL MONITORING WELL VOC DATA
H.O.D. Landfill RI/FS

5 ; = 3
g 2 2 Z =
SAMPLE ID Date = = S = 2 = 2 =
use1D 18187 | 229 143
Uso1S §/11/87 263 . 947
Us03D 5/8/50 123 : '
US035 8/11/87 . 139 26 - 9.37
US04D 8/10/87 : 192 | 57
US048 8/10/87 76.4 | 215 4
4/18/88 9 ! 3
3/9/90 d1.1 { 1
7426/90 41.5 ‘ }
USo6D 5/19/38 0.47 42
5/19/88 0.66 4
5/9/90 0.5
72690 0.7 :
usosl 8/12/87 3.69 . 212 659
4/18/88 5 5 4 : 2
5/19/88 53 12 | N
8/18/88 5 ‘ 3 : 2 2
USo7S 8/11/87 4 213 @ 96 12.8
Gl102 4/19/88 : 2
311090 24 ;
Notes:

1. This able presents historical data for H.O.D Landfill for monitoring wells.  Only wells and sampling

rounds with VOC detects are presented in this table.

Acetone and methylene chloride are often lab

contaminants. Warzyn did not perform data validation for the sampling rounds and has not assessed data

quality.

2. All results are in units of ug/L.

Revised 8/27/93

[1:10010201:GW-HIS. XLS/JAH/AJS]

Page 1




IABLE -6

summary of Semivelatile Organic Compounds in
Groundwater, Surface Water. Surtace Soils. and Leachate
H.O.D. Landfill RI/FS

Pherols

v
g
Z
Z
&
8

Poivrueiear vomung Hy raersoens

FalPri.

SAMPLE ID

Mhenol

2.4 Dimethylphenot

2 Methylphendd

4-Meihylphenol

Iicthylphthalate

bis2-cthylbe xyhphibada

Acenaphthene
Anthricene

Bearob)Nuaranthene

Fhotamhene
2-Methylnaphthalene

Dibenzoluan
uarene

Cinbarole

Naphihaldene

Phenantbiene

{’yecae

i 14 Puchlorobenscne

441

Aroclor 16

MCL
Class |
Class [I

100 .

00 .

e
b

EF

[
-~ -
[y

NP

rs it s

(PN

Groundwater - Shallow
HD-GWG11S-01
HD-GWT. S48-01
HD-GWL'S061.01
HD-GWL'5065-1}1
HD-GWUS065-51
HD-GWW055-01
HD-GWW06S-01

r

On-Site

HD-GWG11D-01
HD-GWLUS4D-01
HD-GWUSO4D-St
HD-GWUS06D-01
HD-GWWOTD-01

Groundwater - Deep On-Site

IR

—4-

HD-GWL'S01591
HD-GWUS03101
HD-GWUS038-01
HD-GWW03SB-01
HD-GWW04S-01
HD-GWW04S-91

Groundwater - Shallow OfT-Site

[ [

HD-GWUS01D-01

HD-GWL'S03D-01
HD-GWW03D-01

Groundwater - Deep OIY.Site

Surrace Soils
HD-SUQ1-01
HD-SU°02-01
HD-SL'(_)J-O 1
HD-SU04-01
HD-SU'04-91
HD-SUNS-N1L

T 9.600

. 3500

160
0
280

3.600

120 46

1.000

1300 59 110 &8 6l

110

C620° 5000 390
S 160
59

73

320
630

130

Surface Walter
HD-SWS101-¢1
HD-SWS201-01
HD-SWS301-01
1D-SWS301-91

Leachate
HD-LCLPO]-01
HD-LCLPO1-91
HD-LCLP06-01"
HD-LCLPO§-01
HD-LCLPLL-GL

HD-LCMHE-01

M

%
16

A

20

Notes:

1. This table presents sermvolatile organic compounds detected in samples collected from HOD Landfill during May 1993,

2. Results are in parts per billion (ppb): ug/L for groundwaters, surface waters, and leachates. and ug/k g for soils.
3. MCLs are U.S. EPA Maximum Contaminant Levels for groudwaters. Class [ and Class I are TEPA Groudwater Quality Standards. Class [ (potable water
resource) is applicable to the deep sand an gravel aquifer groundwater, and Class [I (general tesource groundwater } is applicable to the surficial sand and clay
diamict groundwater. Bolded values exceed the MCL.

Revized 9/16/93

[3:10010201:8VOC. XLS/IAH/AIS}

Page 1




TABLE 4.7
Summary Of Metals in Groundwater, Surface Water, Surface Solls, und Leachale
H.OD. Landfi) RVFS

! : | : = '
§ ) ‘ ! , . 5 i 5 g = g
g ggiglgaﬁ- E F .=, & §, L& T B s § 2
§ | E | § g . &8 Bt 2 & ¢ s ! §i B 5 £ % g H 3 = 2 p
|sampte 1 2 d 5.8 '2:- 8 8 '§ $§'8 & & | - - - T - 3
IMC_I.,” 50 5 50| 2,000| 1! 5, TET AL U TR L 50 2 T e - [
Class | 50| 2,000 N ¥ Yool Low ! est. ol Swwy 78] Coase o Iy
Class If ) 200 2,000! 50 Pyooo! tom! 650 eoo s, oo | Vo xm, m L onne
|Back ground Vaiue - 697| 118 ! I 25! 62200 ! i Y 1 : N6 Sl 118 2000 a0, to
L : : i ‘ ‘ LA L
Grevadwaier Shallew On-Side : . ; :
HD-GWUS045-01 106 § ‘. . 119000 ‘ ‘_ © 200 TS TTS F X 1570 55,5
HD-GWUS061-01 : 95| 536! f 51,200 ‘ ; ‘ Yoo w3 i .60 330
HD.GWUS065-01 680! ' us.00 ) : ! { " 258! A 8T 2w 17,500
HD-GWUS065-91 667 | ' L 108000 | ! ! : 3.200 | Eoasam sy 12 1o, 5
HD-GWWOSS-01 TN ' U agone ! ! ! 2480, Coanm, ee2 4,250 1.0
HD-GWWO5S-01 116 | ' C 3530w 44l J i L aasmo! " nean | 738 4620 23,8
Groamdwaler Shallow OfF-Ske . i H ' ' ' ' T T
HD-GWUSHIS -t : S TR'Y B T Y ' . a4l sos | ORI ol LI
HD-GWUSGI0 ! 63, avLt: ! T a5 ' | ) ‘ : o e LT A, i
HIXGWUS03S-01 ossy ! 79,80 . . : 1,230 ! me0 S 1w aF S
HI-GWWUIS 0] 1 foesy ' T p2Eg ' 1.070 ' Toss 09 1,75 o, et o
HI-GWWOIS 0] ! T 363, ' C163000. 44, 90, ' 18] Poaran LoT0 T Ao s
H-GWW4S 91 i a1l 154’ L 185,000 o ‘ 206 | oA Lo 14,10 <3, 5emr 144
Groundwater Deep Ou-Site ! ‘ ' ' ‘ ) o
HD-GWGI10-01 ! E 31 1 282! ; 56 LILon!' 35 , ‘ : , i _¥Es0 30 1,050 33,
HD-GW 1IS04D-01 | ; P are . And . ' ] ’ 26,500 180 LX) S0, 3w
HD-GWUSMDI1 | i l L ‘ o Ayn . j ) 125 P LR TR [ 1dm (AT
HD-GWUS06D-01 } i I 90! 48200 ; j A 845 | M0 30 1820 a5
HD-GWWOTD-00 | : l 7. 16,500 ' : T2,4m 53.4 1,50 AL
Growndwalcr Drcp OfT-Site '
HD-GWUSOID-0) ' LB, SH,800 _ 660 | 0 587 L5 P
1ID-OWUS0ID-01 I ! 19 ' ) j 6,50 . ' ‘ :-wol L4600 324 ' 2,580 6} St A
1ED-GWWOID-01 : [ - 183 : 1isoor 43 . 707 . 62,50 I R LT gr
walers H ’
HD-SWS101-01 13, . N R N SLe0 32, 13 25,70 sy " L1 Jowm
HD-SWS5201-01 107 i ; oot ) 16,700 3l ) 14 o M S i [T
HD-SWS301-01 35.3 | ; | el ) S350 ' ; LT TR P X TR T Tt W
HID-SWS301-01 oLL: 2761 Lot _ © sram! _ 158 A 537 e RO
HD-SWFBO1-01 ' 1,360 ) 185y 15 h -~




TABLE 4-7
Summary Of Metals In Groundwater, Sueface Water, Surface Soils, and Leachate
H.OD. Landfill RS

1 t B
Lo ]
H ' ! R =
e ! ! . 5 g E = _ =
1 =3 ! H r=4 - =
5;5-5:5;5-5 § §.3 & % e & 5 z 3 . 3 12
8§ i s!%8/§ ¢ § & 2.3 ¥ 5§ s 3§ % § & z & ! 2 3 § .«
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1. This Lable presenis alk metals detected in samples tollected from HOEY §and (1) during May 1993 Results are i ugfh. for proundwater, suiace waie, and leadhate, and g or sils
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Summary of Groundwater/Leachate Quality Indicator Results

TABLE 4-8

H.O.D. Landfill RLFS
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SAMPLE ID L Z Z z - A = < Z =
SMCL - 10 | 250 250 200
Class [ 10 ' 400 - 200 1.260
Class Il ! 100 ; 400 . . 200 1.200
Background Value 274 1.03 85.5 327 296 637
Groundwater - Shallow On-Site ; ‘
HD-GWUS045-01 | D02 5.0 133 51 367 93 620 |
HD-GWUSO06I-01 0.28 - . 23 321 416 | 328 27 516
HD-GWUS06S-01 ‘ 0.05 . 5.1, 31 630 ; 398 4 304
HD-GWUS065-91 ; | 0.04 . 541 3] 551 - 399 43 600
HD-GWWO035-01 C 373 005 2.7 9. 7981  s18" 59 372
HD-GWWO065-01 - 0.78 0.06 * 8.4 790 1800 | 640 49 392
Groundwater Shaliow - Off-Site 1 | | ! ' ; :
HD-GWUS01S-01 ‘ a 0.04 . {12 39! 561 | 310 55 - 412
HD-GWUS031-01 | ; 0.04 | ! 30! 900 303 8, 506
HD-GWUS035-01 L 1.02 0.14 ! l59 ) 00 1140 180 104 | 448
HD-GWWO035B-01 ' X 171 614 00 103 s
HD-GWW015-01 14.5 ERE i 1290 380 | 102 344
HD-GWWO045-91 22.8 . 100! L 1,200 572 101 666
Groundwater - Deep On-Site : !
HD-GWUS04D-01 i 0.79 { i 67 216 ! 225 3, 744
HD-GWUSKID-91 i 0.74 1.2 68 ! 222 | 227 3 756
HD-GWUS06D-01 0.75 | 55 90 - 227 . 218 8 664
HD-GWWO07D-01 . 0.71 ‘ 124 . 261 ! i81 3 380
Groundwater - Deep Off-Site ! |
HD-GWUS01D-01 i 0.77 ! _ 13 49 346 - 318 22 788
HD-GWUS(3D-01 0.03 ‘ 49 620 358 144 834
HD-GWW03D-01 ‘ 13 95 ! 574 393 153 1.880
Leachate ; 1
HD-LCLPOL-01 214 0.06 003 3251 74, 3460 2730 1.310 1,490
HD-LCLPO1.91 3 005 305 74 1070 2.660 1330 10.200
HD-LCLP06.01 : 327 019 365! 28 1660 4360 1.270 5.820
HD-LCLP08-01 | 378 | , 014 3601 17/ LI5S0 3490 . 2070  6.560
HD-LCLPL1-0] - L 45 - 002" 007 1200, 530 1,730 1.780 196 2570
HD-LCMHE-O! [ 106 | 0.05 " 110.0 ) 57 768 | 1700 823 2.430

Nuotes:

1) This table presents groundwater quality indicator parameter results for H.O.D. Land(ill groundwater and leachate samples

collected in May 1993.
2) Resuits are in mg/L.

3) SMCLs are U.S. EPA Secondary Maximum Contaminant Levels. Class [ and Class II are [EPA Groundwater Quality Standards.

Class [ (potable resource groundwater) applies to the deep sand and gravel aquifer groundwater. and Class [I (genenl resource

groundwater) applies to the surficial sand and clay diamict groundwater. Bolded values exceed the SMCL.

4) Well G118 and G1 1D wete not sampled for indicator parameters because sufficient sample volume could not be collected.
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TABLE 4-9
Summary of Chemical Constituents Detected at
Village of Antioch Water Supply Wells and Private Residence Wells
H.0.D. Landfill RI/FS
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Volatiles
Carbon disulfide 0.6 (L0
Semivolatiles , '
2-Methylphenol | 05 0y
4-Chloroaniline 07
Metals : ;
Aluminum S0 731 : 55 | 75
Arsenic 50 50 14.5 2.1 | 4, 4.5 _ _ .
Barium 2,000 [ 2,000 128 ! 94 | 8K 260 oy - 131 ot
Calcium 61,400 41,000 | 55400 | 54,400 R2.700 3900 42700 25,000
Chromium, total wo| 100 5.06 ‘ 025 0.24 0.89 0.56 0.2 046
Cobalt 1,000 5.89 | j ; 0.
Copper 1,000 650 593 ! ‘ 26 -
Iron 300| 5000 697 646 | 1,100 ; 1100 3,050 643 549 162
Lead 15 8 5.83 | : 5.5
Magnesium 41,100 29,800 | 36.600 37,400 47.600 144900 14,50 17.200
Manganese L 150 156 , 10, 10 26
[Poassium 2,630 1490 | 1.590 | 1.570 2320 1570 1,760 O
Sodium 61,000 41,300 ! 27,800 | 30,200 56,400 ! 53,000 53,400 60 64K)
Vanadium 341 ' | 27
Zinc 5000 | 5.000 38.20 25! 7 OOR 1R

1. This table presents all compounds and inorganic analyles detected in private well (PW3and village well (VW) samiples colkected in the vicinity of 10D, Lind (iH dunng Bime aind

July, 1593,

2. All results are in ug/L.
3. MCLs are |1.5.EPA Maximum Contaminant Levels. Class Lare JEPA Groundwater Quality Standards for potable nesource groundwaders, Bolded vabues exceed the MOT

Background values are cakulated as the mean plus two times the standard deviation of data provided by the State of HEinois.

Revised 8/26M7
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TABLE 4-10
Summary of YOCs Detected In
Village Well No. 4 Finished Water
H.O.D. Landfill RI/FS

Date cis-1,2-Dichloroethene Chloromethane Chloroform
7-Jan-92 0.5 < <

7-Apr-92 < : < 09

4-Jun-92 < < <

6-Jul-92 < 22 | < B
3-Aug-92 < < : < N
4-Aug-92 | < < , < ]
16-Sep-92 0.5 < <

21-0ct-92 | < ‘ < L <

3-Nov-92 | 0.8 : 1.3 : <

11-Jan-93 i < : < : <

8-Feb-93 < < ! <

I-Mar-93 | 0.6 , < L <

6-Apr-93 < ! < i <

4-May-93 < ' < " <

Notes:

1. This table presents all reported detects of voiatile organic compounds in water samples collected
from Village Well No. 4 finished water which presumably is chlerinated.

2. Sampling was conducted by the Village of Antioch.

3. Results are in ug/L.

4. - = Not analyzed

5. ND = not detected <Not detected at detection limits.

6. For 1992 and 1993 data. detection limits are 0.2 for trichloroethene, 0.5 ug/L for vinyl chloride.
trans- and cis-1,2-dichloroethene, and 1.0 ug/L for chloromethane and chloroform.

7. The compounds chloromethane and chloroferm can be produced during chlorination of groundwater
and may not be related to an external contaminant source.

Revised 8/31/93
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Summary of Physical and Chemical Properties of Compounds Detected at ILO.D. Landfil

(

TARLE 5-1

H.O.D. Landfill RVFS

(

COMPOUND Molecular Water " Density Henry's Law Ko Laog Kow Vapor Retardation
Weight Solubility Constunt Pressare Factor
{(g/mole) {mg/l) {glee) {atm-mi3mole) {ml/g} {mile} (mur Hy)

Wlﬂe Organic Compounds
Chloromethane 50 6.5014+03 0.92 4.401:-02 35 0.95 431 E+ 1.2
Vinyl chloride 63 C 2676403 137 819102 57 1.38 2.60E+03 13

hioroethanc 65 FIBEY [ 092 7116002 50 1.54 1.57H+02 13
Methylene chloride 85 2.006+04 TUUMAY [T T 20303 B a0 36015402 1.4
fAcctone 58 LOOE+06 | 079 | 206E05 | 22 024 2706402 1o
ICarbon disulfide 76 2.4E+03 1.26 1.23E.02 54 2.00 1.601+02 1.3
1,1-Dichlorocthene 97 TUTRASELD3 T | 22 f T 3a0G02 ] T 68 184 6001402 14
1,1-Dichlorocthane 99 T SS0E403 | 18 I T a3k T T 30 1.79 1.821402 1.2
1,2-Dichlorocthene 77 A N T)7 oY < N A 7T SR L 11 £ R R (Y 048 CA241402 12
1.2-Dichiorocthane 99 85315403 125 7| oTEe | T4 148 6.40E+H [.1
2-Butanonc 72 T26BE+05 | 0B [T T 27405 T a5 0.26 7751401 1.0
1,2 Dichloropropane TONIF T UAR0ES03 ] T T 1e TU231EeY sy 2.00 4.2013+01 13
Trichloructhenc BT TIOR3 T T T4 [T T 0a0iE0d T T 126 2.38 5.791i+01 18
Benzene ] 78T TTIE03 [T 088 T T TU559E03 [T 83 | T a2 4520401 15
4-Methyl-2-pentanone 100 TO10104 TTO08 TTTUTTASOE 02 T 2085 [ nss "6.001E+00 11
2-Hexanone T 102 TT350E+04 | 083 " 14 CUhag 20015400 11
Tetrachlorocthene [ 166 TULS0E+02 | T 162 |77 250E6 | A 2.60 1.781:401 A2
[Toluenc K7 CSAE02 T 087 T 3O | 30 273 2.81E+0] o8

lorobenzence 113~ {7 d6eE+02 ] T AED T30 284 L7101 30
Etbylbenzene 106 | 153E+02 [T 087 | T 643E03 L 1oo 315 TO0E+00 716
‘otal Xylencs 106 | 4660:02 | 09 [ T T r04E03 | 3z 326 I | 30
1,2.4-Trimethylbenzene TI8T | T300n+ | 088 | 230i03 | T 9200 430 2901501 56
1.3.5-Trimethylbenzene - I8t © 300101 TTT088 T 2301303 9200 4.30 2,500 01 56
4-Ethyl tolucne 120 T40E+02 | 7 086 " 336E03 330 326 001+ 30
Trichlorofluoromethane (Freon 11) 37 B R T S A 1< T T A TV | T NN £ 1)} 2.53 6671402 210
Dichlorodiflucromethane (Freon 12) 1227 2806402 | 149 C2.79E+00 S8 2.16 1ET14+03 k!
Ecblomteuaﬂmcnhanc (Freon 134) T TAEOES02 sy 2700400 5 216 L RTHH03 13

JAHSes/BIC
J:10010201 /chenuistry/chiem. xls
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TABLE 5-1
Summary of Physical and Chemical Properties of Compounds Detected at H.O.D. Landfill
HLOD. Landfll RUFS

COMPOUND Molcculur Water Density Henry's Law Ko Fog Kow Vapor Retardation
Weight Solubility Constant Pressure Factor
{g/inale) tng/l) {eloe) {ettrmr-mitnole) {enlip) tmille) (e )

Semivolatile Organic Compounds

Phenol 94 9.300:+04 1.07 4.5411-07 14.2 146 L4101 1.
1,4-Dichlorobenzene 147 | 190F+01 146 C2RIE0 17606 YT 1L LH1400 I
2-Methylphenol ) 108 |  3.00E+04 103 7114806 500 197 2A0E o1 1.0
4-Mcthylphenol TTTHe8 | 3.00ii4+04 i .02 40504 500 1.97 110t 61 14
2 4-Dimethyiphenol 12277 ] 460E+03 b~ 103 T 42 2.6 30102 b i3
Naphthalenc 1287 ] T 3F0E+01 | 006 | Loy | 649 345 2.6013-04 49
4-Chioroanilinc a I S '

7-Mecthylnaphthalene 1T 142 TTTATORLT 7T 10t | doBeos | M2 343 SO0E02 4 33
Acenaphthenc 154 3.42C+00 102 OUBE0S | 4600 4.00 1.55E 03 R
Dibenzofuran - 170 TTTRA0E+00 T 19| T 20304 | 820 3.51 200102 ¢ 3
Dicthyliphthalate 222771 TBo6E+02 T T 12 TTldEes T 142 2.50 1501503 1.9
Fluorenc 16 T T GA2E05 7300 4.20 710104 15
Phenanthrene o 1T 008 CO1SYEM | 14000 4.46 06.8003-04) 3
Anthracenc o 178 s COLME03 | 4000 445 19501504 85
|Fluoramhenc o 203 T1s T 64606 | 38000 490 500106 20y
|Pyrene 02 L 504E-06 | 38000 4.88 2500306 22
biz(2-Ethylhexyl)phthalate 301 T 098 IR DTS 1 T R ) 491 BO0E-00 o 5.2
IBmzo(b)ﬂuoranthenc T 252 R L [1] X~ ~OLIBE0S | 550000 6.06 5001507 1301

arbazole 167~ TR0 | T TTO23E05 | 7300 329 7I0E 04 45
Pesticides/PCBs
4.4-DDD 320 1.0OE-01 7.9613-06 770000 6.20 | .891:-06 4,621
PCB 328 310102 I TTOTE03 T 7] 530000 6.04 1.7015-05 3R]
JAHAsMIC

J: 10010201 fehenustry/chen. xis
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TABLE 5-1
) Summary of Physical and Chemical Properties of Compounds Detected at 1L.O.D. Landfill
' H.O0.D. Landfill RI/FS
Footnotes

The Octanol/Water Partition Coefficient {Kow) is defined as the rtio af the eqguilibrium concentration C of a dissolved substance in a two- phase systenn consisting of twa logely
imiuscible solvents, in this case n-octanol and water:

C octanol
[ O —

C water

“The Kow is ideally dependent only o iemperature and pressure. 1 is a constait withou dimensions, and s given in the form of its logarithm to base Jen. 1is useful as @ nicans (o
predict soil adsorption, biclogical uptake, and biotuguitication. Values are cither determined expeeimentlly, or are estutied as follows:

Kow =4.5 - (0.75 * Log Water Solubility in mg/)
Retardation factors are calculated wsing the following cquation:

Rf=1 + (pb/n) * Kd
where

Pb = aquifer bulk density (g/cm3) assumed 1.8 g/cmy3

a = total porosity of the aquifer, assumed 0.3 (unitless)

Kd = disinbuation cocfficient (ml./g) is calculated as Koe * I%oc
and

Foc = organic carbon content of soils, assumed Foc is 0.1%.
Values were obtained from the following sources:
U.5.EPA Superfund Public Health Evaluation Manual {SPEM), 1986 4

Vershweren, K. Handbook of Environmental Data on Organic Chemicals. Van Nostrand Reinbold Co., NY 1983

Weast. R.C. Handbook of Chemistry and Phvsics. $4ih Ldition. CRC PRess. Uleveland. 1973

Page



TABLE 5-1
Summary of Physical and Chemical Properties of Compounds Detected at 11.O.D. Landfill
H.0O.D. Landfill RI/FS ‘
Footnotes

Footnoles
a = value estinuied using butylbenzylphthatate
b = value estimated using 2 4-thichlorophenol
¢ = value estimated using benzene
d = value estimated using 2-naphithylamine
¢ = value estimated using DDT
{ = value estimated using dickdrin
. g = value estimated using diplienylamine
h = value estimated using diplicnyt ether
i = value estimates using Muorene

Definitions of chemical properties:

Water solubility is the maxinwm conceniration of a clemical that dissolves in pure water at a specific temperatare and pll. Values are given Tor a aeutsal plEand o temperatwe range
of 20 degrees C. The rate at which a chemical is leaclhd from a waste is a function of its solubility in water; more soluble compounds are expected 1o be feached nere ceadily i less
soluble chemicals. e water solubilities presenied in literature idicate that the volatike onganic compoumds are more water soluble than muost semivolatile organic compounds (c.y.,
PAlis and PCBs).

Vapor Pressure (V) provides an indication of the rate at which a chcmical in its pure stale volatilizes. Vatues are given [or atesprerature tange of 2000 30 degrees C. VP is of prniy
significance where envirommental intertaces such as sugface soilfair and surface walet/ait oceur. Chicnicals witle lugher vapor pressures are expected to eoten the atwsplicse niee
readily than clicinicals with lower vapor pressures.

Density refers to the specific density of a commpound relative 10 pure water, having a density of 1.00. Compounds that have low solubilitics and willy i density greater than one would be
expected 1o sink in water.

Henry's Law constant, of the compoun!'s aic-water partition coefficien, is inponant in evaluating air exposure pathways. Vildues for Flenny's Law constants were depved
experimentally or estinaled as follows:

VP (mm Hg) x {1 atm/760 mm [ig} x MW (g/mole)
TEHAUM-INI/MIOIE) =~ e e oo e
Water Solubility (g/m3)

Organic Carbon Partitivn Coefficient (Koc) is a ineasuce of the tendance tor organics to be adsorbed by soil amd sedicuem, and is expressed as:

g chenucal adsorbed/kg organic carbon
Koc= i

mg chemical dissolvedAiter of solution

The Koc is chemical specific and is largely independem of sl propestics. In general, Ko is inveesely relsted 1o0is eovirommnental mobihity. Ko is enher deteosined expennentally o
estinared as follows:

Koc = (-0.55 * L.og Water Solability ia sngfl) + 1.6

Pase
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GROUP OR THICKNESS
SYSTEM SERIES FORMATION AQULFER LOG FT DESCRIFTION
& g -I-\ U Unconsolidated glacial deposin pebbly
S B 93-325 clay {uil}, silt, tand and gravel
> Q .
- o Sands ~ 1/ Alluvial silts and sands along strearms
g § s and SNy
v N 3
< E Gravels ) II | F::un:; Shale, sandy, brown to black
) Dotomite, very pure to argillaceous,
= Aacine v silty, cherty; reefs in upper part
< =) 8
% Sugar Run =T 4180 Dolomite, slightly argillaceous and
9 Y v silty
z E s ~ Dalomite, very pure to shaly and shale,
< Joliet ‘E" TS d?lunitic; white, light gray, green,
g Silurian o pink, maroon
o} 8 =
“ 3 Kankakee i L= Dolomite, pure 10p 1°-2°, thin green
x = =~ shale partings, base glauconitic
g £ & -y 090 Colomite, dightly argillaceous,
< wood rrrer abundant layered white chert
ﬁ Witheimi Cra—va Dolomite, gray, argillaceous and
1 ' L=t becomes dolomitic shale at base
" R T= ;
‘.‘ Aol = Shale, red; oolites
z‘ 5 i ;—_‘ - Shale, silty, dolomitic_ greenish gray,
SF Maquoketa w 100-240 weak (Upper unit]
Z«g - — Dolomite and limestone, white, light
ve 7= gray. interbedded shale (Middle unit)
- = Shale, dolomitic, brown, gray [Lower
g vi unit}
o le FA i
5 z Galena Galena IA}BI Dolomite, and/or limestone, cherty
[=} a -
] : Plattevilte L7 270-335 {Lowerpard
z F3 77 Dolomite, shale partings, speckled
5 Platteville Dolomite and/or limestone, cherty,
; . [ = sandy at base
3 =
x Glerwood a‘ Sandstone, fine and coarse grained: litthe
© Glenwood- | ¢ dolomite; shale at top
Su. Peter 51, Peter ] 165-300 Sandstone, fire 10 medium grained;
3 tocally cherty red shaie at base
Eminence Emi % Dolomite, light colored, sandy, thin
minence | 2 sandstones
Potosi £ 0100 . :
Potosi 5 -+ Dolomitwe, fine-grained, gray to brown,
v dnesy Qury
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